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HeterocycUc Ether Substituted Imidazoquinolines 

Field of the Invention 

5 This invention relates to imidazoquinoline compounds that have ether and 

heterocycle or heteroaiyl functionality at the 1 -position, and to pharmaceutical 
compositions containing such compounds. A fur&er aspect of this mvention relates to &e 
use of these compounds as immunomodulators, for inducing cytokine biosynthesis in 
animafit, and m the treatment of diseases, including viral and neoplastic diseases. 

10 

Bftckgronnd of flie Invention 

The first reliable report on fht lH-imidazo[4,5-c]quinoline ring system, Backman 
et al., LOrg. Chem . 15, 1278-1284 (1950) describes the synthesis of l-(6-methoxy-8- 
quinolinyl)^2-methyl-l/f-imidazo[4,5-c]quinoline for possible use as an antimalarial 

15 agent Subsequently, syntheses of various substituted lir'iaiidazo[4,5-c] quinolines were 
reported. For example, Jain et al., J. Med. Chem. 1 1, pp. 87-92 (1968), synthesized the 
compound 1 -[2-(4-piperidyl)ethyl]-l/f-imidazo[4,5-c]quinoline as a possible 
anticonvulsant and caidiovascuhir agent Also, Baranov et al., ChenL Abs. 85, 94362 
(1976), have reported several 2-oxoimidaza[4,5-c]quinolines, and Berenyi et aL, L 

20 Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoiiDidazo[4,5- 
c]quinolines. 

Certain l/f-imidazo[4,5-c]quinolin'4-amine8 and 1- and 2-substituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilators and 
immunomodulators. These are described in, inter cdia, U.S. Patent Nos. 4,689,338; 
25 4,698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, all of which are 
incorporated herein by zefisrence. 

There contxnnes to be istBrest in the imidazoquinoline ring system. CertainlH- 
imidazo[4,5-c] naphtliyridine*4-anitnes, IH-imidazo [4,5-c) pyridin4-amines, aiui IH- 
imidazo[4,5-c] quinoliii-4-amines having an ether containing substituent at the 1 position 
30 are knowa These are described in U.S. Patent Nos. 5,268,376; 5^89.640; 5,494,916; and 
WO 99/29693. 
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There is a contmumg need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 

Summary of the Invention 

5 We have found a new class of compounds that are useful in inducing cytokine 

biosynthesis in animals. Accordingly, this invention provides imida2o[4, 5-c]quinoline-4- 
amine and tetrahydroiniidazo[4, 5-c]quinoline-4-amine compounds that have an ether 
containing substituent at the 1 -position. The compounds are described by Formulas (I), 
(II), (HI) and (IV), which are defined in more detail infra. These compounds share the 

10 general structural formula 




wherein X, Ri, Ra, and R are as defined herein for each class of compounds having 
15 Formulas (I), (II), (m) and (IV). 

The compounds of Formulas (1), (II), (HI), and (IV) are useful as immune 
response modifiers due to their abOity to induce cytokine biosyn&esis and otherwise 
modulate the immune response when administered to animals. This makes the compounds 
useful in the treatment of a variety of conditions such as viral diseases and tumors that arc 
20 responsive to such changes in the immune response. 

The invention fiirthcr provides pharmaceutical compositions containing the 
immune response modifying compounds, and methods of inducing cytokine biosynthesis 
in an animal, treating a viral infection m an animal, and/or treating a neoplastic disease in 
. ananimalbyadministcdngacompoundofFormuto(I),(II),(IIO.or 
25 In addition, the invention provides me&ods of synthesizing the compounds of die 

invention and intermediates useful in the synthesis of tiiiese compounds. 
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Petafled Description of the Invention 

As mentioned earlieT» we have found certain compounds that mouce cytokine 
biosynthesis and modify the immune response in animals. Such compounds are 
represented by Fonnulas (I), (II), (EI), and (FV), as shown below. 
5 Imidazoquinoline compounds of the invention, which have ether and heterocyclyl 

or heteroaiyl functionality at the Imposition are represented by Formula (I): 




X-O-Ri 
(0 

10 

wherein: X is -CHR3-, -CHRa-aUcyl-, or -CHRa-alkenyl-; 
Ri is selected from the group consisting ot 
-heteroaiyl; 
-heterocyclyl; 
1 5 -R4~ heteroaiyl; and 

-R4-heterocyclyl; 
R2 is selected from the groi^ consisting of: 
-hydrogen; 
-alkyl; 

20 -aDcenyU 

-aiyl; 

-heteroaiyl 
-heterocyclyl; 
-allcyl-Y-alkyl; 
25 -aDcyl-Y-aDcenyl; 

-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
fifom the group consisting of: 
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■OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 

5 -CO-Ci.ioalkyl; 

<:0-0-Cwio alkyl; 

-Nj; 

-aiyl; 

-heteroaiyl; 

10 -heterocyclyl; 

-COaiyl; and 
-CO-heteioaiyl; 

R4 is alkyl or alkenyl, which may be inteirupted by one or more -O- 
15 groups; 

each R3 is independently H or Cmo aDcyl; 
each Y is independently -O- or -^(OVz-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Ci.io 
20 alkyU C i-io alkoxy, hydroxy, halogen and trifluoromethyl; 

or a phannaceutically acceptable salt thereof. 

The invention also provides imidazoquinoline compounds that contain e&cr 
functionality at the 1 -position, where the ether containing substituent also contains an 
25 alkynyl group and a heterocyclyl or heteroaryl group. These compounds are represented 
byFoimula(II): 
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5 wheiein: Xis-<:HRr»<^3-a]kyl%or-<3IR3-a]keiiyls 

Rio is selected &om the gixmp consisting of heteioaiyl and heterocyclyl; 
Ri is selected from die group consisting ofi 

'hydrogen; 

-alkyl; 

10 -alkenyi; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyU 
15 -alkyl-Y-alkenyl; 

-alkyl-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected 
&om the group consisting of: 
-OH; 

20 rhalogen; 

-co-Clio alkyl; 
-CO-O-Cmo alkyl; 
25 -N3; 

-ar)d; 

-heteroaiy]^ 
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-heterocyclyl; 
-CO-aiyl; and 
^ -CO-heteroaryl; 
n is 0 to 4; 

5 each R3 is independently H or Cmo aDcyl; 

each Y is independently -O- or -S(0)a.2-; and 

each R present is independently selected from the group consisting of Cmo 
alkyU Ct.io alkoxy, hydroxy, halogen and trifluoTomethyl; 
or a pharmaceutically acceptable salt fliereo£ 

10 

The invention also includes tetiahydioimidazoquinoline compounds that bear an 
ether and heterocyclyl or heteroaiyl containing substituent at the 1-position. Such 
tettahydroimidazoquinoline compounds axe represented by Formula (EE): 




15 

m 

wherein: X is -CHR3-, -CHRj-aikyl-, or -CHRj-alkenyl-; 
Ri is selected &om die group consisting of: 
-heteroaiyl; 
20 -heterocyclyl; 

-R4- heteroaiyl; and 
-Rr-heteiocyclyl; 
Ri is selected from the group consisting of: 
-hydrogen; 
25 -alkyl; 

-alkenyl; 
-aiyl; 
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-heteroaryl; 
-hcterocyclyl; 
-aDcyl-Y-alkyl; 
-alkyl-Y- alkenyl; 
5 -alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH 

-halogen; 

10 -N(R3)2; 

-CO.N(R3)2; 
-CO-Ci-io alkyl; 
-CO-O-Ci-io alkyl; 
-N3; 

15 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-hcteroaiyl; 

20 R4 is alkyl or alkenyl, which may be inteicupted by one or more -O- 

groups; 

each Rj is independently H or Cu\o alkyl; 
each Y is independently -0~ or -S(0)o.2-; 
n is 0 to 4; and 

25 each R present is independently selected from the group consisting of Cmq 

alkyU C|.io alkoxy. hydroxy, halogen and trifluoromediyl; 
or a phaxmaceuticaDy acceptable salt thereof. 
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An additional class of inunune response modifying compounds of the invention are 
tetrahydroimidazoquinoline compounds that have an ether containing substituent at the 1- 
position, where the ether containing substituent also contains an alkynyl group and a 
heterocyclyl or heteroaryl group. These compounds are represented by Formula (IV): 




X-0— (CH2)mo— C=CRio 



(TV) 

wherein: X is -CHRr, -CHRs-alkyl-, or -CHRa-alkeuyls 

Rio is selected from the group consisting of heteroaryl and heterocyclyl; 
10 Ri is selected ftom this group consisting of. 

-hydrogen; ^ 

-alkyl; 

-aDcenyl; 

-aryl; 

15 -heteroaryl; 

-heterocyclyl; 
-aflcyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-aUcyl-Y-aryl; and 

20 - aU^V or alkenyl substituted by one or more substituents selected 

from the group consisting of: 
-OH; 
-halogen; 
-N(R3)2; 

25 -CO-N(R3)2; 

-CO-Cmo alkyl; 
-CO-O-Ci-ioaDi^l; 
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-N3; 
-aiyl; 

•heteroaiyl; 
-heterocyclyl; 

5 -CO-aryl; and 

-CO-heteroaryl; 
each Rj is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

10 each R present is independently selected from die group consisting of Cmo 

alkyU Cmo alkoxy, hydroxy, halogen and tnfluoromelfayl; 
or a phannaceutically acceptable salt thereof. 

Preparation of the Compounds 

1 5 Compounds of the invention can be prepared according to Reaction Scheme I 

where R, R2, X and n are as defined above and Rn is alkyl substituted by a heteroaryl 
group wherein the heteroaryl group may be unsubstituted or may be substituted as defined 
ir^a or Rn is substituted heteroaryl as defined infra with the proviso that if Rn is 
substituted heteroaryl at least one substituent is a strong electron withdrawing group 

20 located ortho or para to die ether bond. 

In Reaction Scheme I a 4-amino-l/f-imidazo(4,5-c]quinolin-l-yl alcohol of 
Fomiula X is alkylated with a halide of Formula XI to provide a l/f-imidazo[4,5- 
c]quinolin-4-amine of Formula Xn which is a subgenus of Formula I. The alcohol of 
Formula X is reacted with sodium hydride in a suitable solvent such as N»N- 

25 dimethylformamide to form an alkoxide. The haHde is dien added to &e reaction mixture. 
The reaction can be carried out at ambient temperature or with gentle heating (-'SOX) if 
desired. The product or a pharmaceutically acceptable salt diereof can be isolated using 
conventional methods. 

Many compounds of Formula X are known, see for example Geister, U.S, Patent 

30 No. 4,689338 and Gerster et al., U.S. Patent No. 5,605,899, the disclosures of which are 
incorporated by reference herein; odiers can readOy be prepared using known synthetic 
routes, see for example, Andre et al, U.S. Patent No. 5,578,727; Gerster, U.S. Patent No. 



9 



wo 02/46193 



PCTAISOl/46704 



5,175,296; Nikolaides et al., U.S. Patent No. 5,395,937; and Geister eL al., U.S. Patent No. 
5,74 1 ,908, tihe disclosures of which are incorporated by reference herein. Many halides of 
Formula XI are commercidly available; others can be readily prepared using known 
synthetic methods. 

5 

Reaction Scheme I 




XI XII R,^ 



10 Compounds of Ac invention can also be prepared according to Reaction Scheme n 

where R. Ri, Ru. X and n are as defined above. 

In step (1) of Reaction Scheme n the hydroxy group of a l/f-xniidazo[4> 
c]qumolin-l-yl alcohol of Formula Xm is protected with a benzyl group. The alcohol of 
Formula Xffl is reacted with sodium hydride m a suitable solvent such as N^l- 

15 dimethylformamide to form an alkoxidc. The alkoxide is then alkylated with ben2yl 
bromide to provide a compound of Formula XIV. The reaction can be carried out at 
ambient temperature. Many compounds of Formula XIII are known, see for example, 
Gcrster. U.S. Patent 4,689,338; others can readily be prepared using known synthetic 
routes, see for example, Gcrster et al., U.S. Patent No, 5,605,899 and Gerster, U.S. Patent 

20 No. 5,175^96. 

In step Ci) of Reaction Scheme n a compound of Formula XIV is oxidized to 
provide a l/f-imidazo[4,5-c]quinoline-5N-oxide of Formula XV using a conventional 
oxidizing agent capable of forming N-oxides . Preferably a solution of a compound of 
Formula XIV in a suitable solvent such as chloroform or dichloromethane is oxidized 

25 using 3-chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme H a lH-inridazo[4,5-c]quinolihe-5N-oxide of 
Formula XV is chlorinated to provide a 4-chloro- W-imidazo[4,5-c]quinoline of Formula 
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XVI. Preferably a solution of a compound of Formula XV in a suitable solvent such as 
toluene is treated with phosphorous oxychloride at ambient temperature. 

In step (4) of Reaction Scheme n a 4-chloTO-lif-imidazo[4,5-clquinoline of 
Fonnula XVI is reacted with phenol to provide a 4-phenoxy-l/f-imidazoI4,5-c]quinoHne 
of Formula XVH. The phenol is reacted with^sodium hydride in a suitable solvent such as 
diglyme to form a phenoxide. The phcnoxide is (hen reacted at an elevated temperature 
with a compoimd of Formula XVI. 

In step (5) of Reaction Scheme H the benqrl protecting groiq) is removed fiom a 
compound of Fonnula XVH to provide a 4-phenoxy-l*-iniidazo[4.5-c]quinolin-l-yl 
alcohol of Formula XVIIL The reaction is preferably carried out by adding triflic acid in a 
controlled fashion to a solution of a compound of Fonnula XVH m a suitable solvent such 
as dicbloromethane at ambient temperature. 

In step (6) of Reaction Scheme n a 4-phenoxy-li/-imidazo[4.5-c]quinolin-l-yl 
alcohol of Formula XVm is alkylated widi halide Hal-Rn to provide a 4-phenoxy-ljy- 
imidazo[4^-clquinolin-l-yl ether of Fonnula XDC The alkoxidc of a con^und of 
Fonnula XVffl is formed by ad&ig the alcohol to a biphasic mature of aqueous 50% 
sodium hydroxide and an inert soWcnt such as dichloromefliane m the presence of a phas^ 
transfer catalyst such as benzyltrimethlammonium chloride. The alkoxide is then 
alkylated. The reaction can be carried out at ambient temperature. 

In step (7) of Reaction Scheme U a 4-phenoxy-lJ^imidazo[4,5-c]quinolin-l-yl 
ether of Formula XDC is aminated to provide a l/f-imida2o[4,5-<r]quinolin^amine of 
Formula XH which is a subgaaus of Fonnula I. The reaction can be carried out by 
combming a compound of Fonnula XDC with ammonium acetate and heating the resulting 
mixture at ~1 5(fC. The product or a phannaceutically acceptable salt thereof can be 
isolated using conventional ioiethods. 
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Reaction Scheme n 




5 Tctrahydioimidazoquiiiolines of the invention can be prepared according to 

Reaction Scheme III where R, R2, Ri u X and n are as defined above. 

In Reaction Scheme III a 4-amino-6,7,8,9-tBtrahydro-lH-iimdazo[4,5-c]quinolin-l- 
yl alcohol of Fonnula XX is alkylated with a halide of Fomnila XI to provide a 6,7,8,9- 
tetrahydio-l^-imidazo[4,5H;]qumolm-4-ani]ne of Foimuk XXI which is a subgenus of 

12 
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Formula HI. The alcohol of Fonnula XX is reacted with sodium hydride in a suitable 
solvent such as N,N-diniethylfonnaniide to form an alkoxide. The alkoxide is then 
combined with the halide. The reaction can be earned out at ambient temperature. The 
product or a pharmaceutically acceptable salt thereof can be isolated using conventional 
5 methods. 

Many tetrahydro-l//-imidazo[4,5-c]quinolines of Formula XX are known, see for 
example, Nikolaides ct aL, U.S. Patent No. 5,352,784; others can be prepared using known 
synthetic methods, see for example, lindstrom, U.S. Patent No. 5,693,81 1; the disclosures 
of which are incorporated by reference herein. 

10 

Reaction Scheme EE 




XX XI XXI 



1 5 Compounds of the invention can be prepared according to Reaction Scheme IV 

where R, R2, X and n are as defined above and R12 is a heteroaiyl group which may be 
unsubstituted or substituted as defined infra. 

hi step (1) of Reaction Scheme IV a l/f.imidazo[4,5nc]quinolin-l-yl alcohol of 
Formula Xm is alkylated witii a halide of Fonnula XXH to provide a liif-imidazo[4,5- 

20 c]quinolin-l"yl ether of Fonnula XXm. The con^und of Formula XIII and the halide of 
Formuk XXn are combined tia a biphasic mixture of 50% aqueous sodium hydroxide and 
a suitable solvent such as dichloromc&ane in the presence of a phase transfer catalyst such 
as bcnzyltrimethylannnonium chloride. The reaction can be run at ambient temperature, 
hi step (2) of Reaction Scheme IV a lZr-imidazo[4,5-c]quinoline of Formula XXm 

25 is oxidized using the meAod of step (2) of Reaction Scheme II to provide a l/T- 
imidazo[4,5-c]quinoline-5N-oxide of Formula XXIV. 
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In stq> (3) of Reaction Scheme IV a l/^mudazo[4,5-c]quinoline-5N-oxide of 
Fonnula XXTV is reacted with trichloioacetyl isocyanate to provide a l/f-iinidazo[4,5- 
c]quinolin-4-yl acetaxnide of Fonnula XXV. Preferably the isocyanate is added in a 
controlled feshion at ambient temperature to a solution of the 5N-oxide in a suitable 
solvent such as dichloromethane. 

In step (4) of Reaction Scheme IV a l//-iniidazo[4,5-c]quinolin-4-yl acetamide of 
Formula XXV is hydrolyzed to provide a l/f-imidazo[4,5-c]quinolin-4-aniine of Formula 
XXVI. The hydrolysis can be carried out by conventional metiiods preferably by treating 
a solution of a compound of Formula XXV in methanol with sodium methoxide. 

In step (5) of Reaction Scheme IV lH-inudazo[4,5-c]quinolin-4-aniine of Formula 
XXVI is coupled with a halide of formula Hal-Rn using a transition metal catalyst to 
provide a l/f-imida2o[4,5-c]quinolin-4-amine of Fonnula XXVn which is a subgenus of 
Formula IL Preferably a compound of Formula XXVI is combined with tiie halide in the 
presence of copper (I) iodide, dichlorobis(triphenylphosphine)palladium(II), and excess 
triethylamine in a suitable solvent such as N J^-dimethylformamide or acetonitrile. The 
reaction is preferably carried out at an elevated temperature (60-80°Q. The product or a 
phaxmaceutically acceptable salt thereof can be isolated using conventional metiKxls. 
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Reaction Scheme IV 





Compounds of the invention can be prepared according to Reaction Scheme V 
where R, R3, R] 2, X and n are as defined above and BOC is rerr-butoxycaxbonyl 
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In step (1) of Reaction Scheme V the amino group of a I/ir-imidazo[4,5-c]quinolin* 
4-amine of Fonnula XXVI is protected with /erf-butoxycaibonyl groups. A compound of 
Fonnula XXVI is combined widi di-^err-butyl dicaifoonate in a suitabld^ solvent such as 
N^-dimethylformamide in the presence of 4-(dimethylamino)pyridine and triethylamine. 

5 The reaction is carried out at an elevated temperature (80-85**C). 

In step (2) of Reaction Scheme V a protected l/r-imidazo[4,5-c]quinolin-4-amine 
of Fonnula XXVIII is coi4)ied with a halide of formula Hal-R^ using a transition metal 
catalyst to provide a protected lH-tmidazo[4,5-c]q[umolin-4-8mine of Formula XXDC 
Preferably a compound of Formula XXVm is combined witii tiie halide in the presence of 

10 copper (I) iodide, dichlorobis(triphenylphosphine)palIadiuni(II), and excess triethylamine 
m a suitable solvent such as NtN-dimethylformamide or acetonitrile. The reaction can be 
carried out at ambient temperatuie or at an elevated temperature (40-80X1). 

In step (3) of Reaction Scheme V the protecting groups are removed by hydrolysis 
under acidic conditions to provide a l/f-imidazo[4^-c]quinolin-4-aniine of Fonnula 

15 XXVn which is a subgenus of Formula n. Preferably a compound of Formula XXDC is 
treated with trifluoroacetic acid in a suitable solvent such as dichlorometbane. The 
reaction can be run at ambient temperature or at a reduced temperature (0°C). The product 
or a pharmaceutically acceptable salt ttiereof can be isolated using conventional methods. 
In step (4) of Reaction Scheme V the alkyne bond of a protected l/f-imidazo[4,5- 

20 c]quinolin-4-amine of Formula XXDC is reduced to provide a protected l/f-imidazo[4,5- 
c]quinolin-4-amine of Formula XXX. Preferably, the reduction is carried out using a 
conventional heterogeneous hydrogentadon catalyst such as platinum oxide, platinum on 
carbon or palladium on caiborL The reaction can conveniently be carried out on a Pan 
apparatus in a suitable solvent such as methanol. 

25 In step (5) of Reaction Scheme V the protectmg groups of a compound of Formula 

XXX are removed in tfie same manner as in step (3) to provide a l/Mnudazo[4,5- 
c]quinolin-4-amineofFormula XXXI which is a subgenus of Fonnula L The product or a 
pharmaceutically acceptable salt tfieieof can be isolated using conventional methods. 
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Reaction Scheme V 




R12 



Compounds of the inventLon can be prepared according to Reaction Scheme VI 
5 where R, I^, R12, X and n are as defined above and CBZ is benzyloxycaibonyl 

In st^ (1) of Reaction Scteme VI the ammo gnop of a l/f-imidazo[4,5- 
c]quinolin4-amine of Fdimuia XXVI is protectBd with ben^loxycaxbonyl groups. A 
compomid of Fonnnla XXVI is combmed with dibenzyl dicaxbonate in a suitable solvent 
such as N J4-dimethylformamide. The reaction can be carried out at ambient temperature 
10 or v^th mild heating (4(rC). 

In step (2) of Reaction Scheme VI a protected lif'.imidazo[4,5-c]quinolin-4-amine 
of Formula XXXII is coupled with a halide of formula Hal-R^ using a transition metal 
catalyst to provide a protected l//'-imidazo[4,5-c]quinolin-4-amine of Formula XXXIII. 
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Preferably a compound of Formula XXXn is combined with the halide in the presence of 
copper 0) iodide, dichlorobis(triphcnylphosphine)palladium(II), and excess trielhylanune 
in a suitable solvent such as N,N-dimethylformamide or acetonitrile. The reaction cin be 
carried out at ambient temperature or at an elevated temperature (40-80**C). 

5 In step (3) of Reaction Scheme VI tiie protecting groups are removed by hydrolysis 

to provide a l//-imidazo[4^-c]quinolin-4-amine of Formula XXVII which is a subgenus 
of Formula H. Preferably a compound of Formula XXXm is treated with sodium 
methoxide in a suitable solvent such as methanol. The reaction can be run at ambient 
temperature. The product or a pharmaceutically acceptable salt thereof can be isolated 

10 using conventional metfiods. 

In step (4) of Reaction Scheme VI the protecting groiq>s of a compound of 
Formula XXXIII are removed by hydiogenolysis and the alkyno bond is reduced to 
provide a l/f-imidazo[4,5-c]quinolin-4-amine of Formula XXXI which is a subgenus of 
Formula 1. Preferably, the hydn)genolysis/reduction is carried out using palladium 

1 5 hydroxide on carbon. The reaction can conveniently be carried out on a Parr apparatus in 
a suitable solvent such as methanol. The product or a pharmaceudcatty acceptable salt 
thereof can be isolated using conventioiud methods. 
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Reaction Scheme VI 




S Compounds of the inyention can^ prepared accotding to Reaction Scheme Vn 

where R, Ri, R2» X and n are as defined above. 

In step (1) of Reaction $cheme Vn a 2,4-dichloro-3-nitroquinoline of Formula 
XXXIV is reacted widi an amine of Formula R1-O-X-NH2 to provide a 2-chloio-3- 
nitroquinolin-4-amine of Formula XXXV. The reaction can be carried out by adding the 

10 amine to a solution of a compound of Formula XXXIV in a suitable solvent such as 
chloroform or dichlorometiiane and optionally heating. Many quinolines of Fonnula 
XXXIV arc known or can be prepared using known syndetic metiiods (see for example, 
Andre et al., U.S. Patent No. 4,988,81 5 and references cited therein). 
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In Step (2) of Reaction Scheme Vn a 2-chlon)-3-nitroquinolm-4-amme of Fonnula 

XXXV is reduced to provide a 2-chloroquinoline-3,4-diamine of Fonnula XXXVI. 
Preferably* the reduction is carried out using a conventional heterogeneous hydrogenation 
catalyst such as platinum on carbon or palladium on caibon. The reaction can 

5 conveniently be carried out on a Pair apparatus in a suitable solvent, such as isopropyl 
alcohol or toluene. 

In step (3) of Reaction Scheme VII a 2-chloioquinoline-3,4-diamine of Formula 

XXXVI is is reacted with a carboxylic acid or an equivalent thereof to provide a 4-chloro- 
ljy-iniidazo[4,5-c]quinoline of Formula XXXVII. Suitable equivalents to carboxylic acid 

10 incfaide orfhoesters, and 1,1-diaIkoxyalkyl alkanoates. The caiboxylic acid or equivalent 
is selected such tibat it wiU provide the desired R2 substituent in a compound of Fonnula 
XXXVIL For example, trieihyl oithoformate will provide a compound where R2 is 
hydrogen and triethyl orthoacetate will provide a compound where Rj is methyl. The 
reaction can be run in the absence of solvent or in an inert solvent such as toluene. The 

15 reaction is mn with sufficient heating to drive off any alcohol or water formed as a 

byproduct of the reaction. Optionally a catalyst such as pyridme hydrochloride can be 
included. 

Alternatively, step (3) can be carried out by (i) reacting Ae diamine of Fonnula 
XXXVI with an acyl halide of Formula Rrf:(0)Cl and then (if) cyclizing. In part (i) the 

20 acyl halide is added to a solution of fte diamine in an inert solvent such as acetonitrfle, 
pyridine or dichloromethane. The reaction can be canicd out at ambient temperature. In 
part (ii) the product of part (i) is heated in an alcoholic solvent in the presence of a base. 
Preferably the product of part (i) is refluxcd in ethanol in the presence of an excess of 
tricthylamine or heated with methanolic ammonia. Alternatively, if step (0 has been run m 

25 pyridine, step (ii) can be carried out by heating the reaction mixture after analysis indicates 
that Step (i) is complete. 

In step (4) of Reaction Scheme VII a 4-chloro-lH-imidazo[4,5-c]quinoline of 
Fcmnula XXXVII is aminated to provide a l/f-iniidazo[4,5-c]quinolin-4-amine of 
Fonnula L The reaction is carried out by heating (e.g.,125-175"C) a compound of 

30 Formula XXXVII under pressure in a sealed reactor in &e presence of a solution of 

ammonia in an alkanol. The product or a pharmaceutically acceptable salt tiiereof can be 
isolated using conventional methods. 
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Reaction Scheme Vn 




Compounds of the invention can be prepared according to Reaction Scheme VHI 
where R, Rh Ri, X and n are as defined above. 

In Reaction Scheme Vin a l/f-imidazo[4,5-c]quinolin-4-aniine of Formula 
XXXVm is alkylated with a halide of Formula XXXDC to provide a ljFf-rmida2o(4,5- 
10 c]quinolin-4-aniine of Fonnula L The compound of Formula XXXVIII is reacted wifli 
sodium hydride in a suitable solvent such as N^-dimethylfonnamide. The hafide is then 
added to the reaction mixture. The reaction can be carried out at an elevated tenq>eralme 
(-100%). Alkylation occurs at both the and ^ nitrogens; however, the desired 1- 
isomer can be leadfly separated fiom the 3-ssomer using conventional techniques such as 
1 5 column chromatogjrq)liy and recrystalBzation. 

Many lff-imida2o[4,5-c]quinolin-4-amines of Formula XXXVin are known; 
odiers may be prepared using known synthetic me&ods, see for example. Gerst^, U^. 
Patent No. 5»756,747 and the references cited therein. 
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Reaction Scheme Vm 




5 Cbmpounds of the invention can be prepared according to Reaction Scheme DC 

where R, Ri R2, X and n are as defined above. 

In step (1) of Reaction Scheme DC a 4-nitn)tetrazolo[l,5-a]qun5olin-5-ol of 
Formula XL is chlorinated to provide a 5-chloro-4-nitrotetra2ololl ,5-a]quinoline of 
Formula XLL Conventional chlorinating agents can be used. Preferably the reaction is 
10 earned out using phosphorus ojorchloride in a smtable solvent OT^ 

dime&ylfonnamide. 4-Nitn)tetia2olo[l>a]quinolin-5-ols of Formula XL are known or 
can be prepared usmg known syntiietic methods (see for example, Gerster, ct al., U.S. 
Patent No. 5,741,908 and references cited ihcrem). 

In step (2) of Reaction Scheme DC a 5-chloro-4-nitrotetrazolo[l,5-a]qumoline of 
15 Formula XLI is reacted with an amine of Formula R1-O-X-NH2 to provide a 4- 

nitrotetrazolo[l ,5-a]quinolin-5-amine of Formula XLH. The reaction can be carried out by 
adding the amine to a solution of a compound of Formula XU in a suitable solvent such as 
dichloromethane in the presence of trietiiylamine. 

In step (3) of Reaction Scheme DC a 4-nitrotetiazolo[l,5-a]quinolin-5-amine of 
20 Formula XLfl is reduced using the mctiiod of step (2) in Reaction Scheme VH to provide a 
tetrazolo[l,5-a]quinolin-4,5H]iamine of FoimuJa XLIIL 

In step (4 ) of Reaction Scheme DC a tetra2olo[l,5-a]quinolin-4,5-diamme of 
Formula XLEI is cyclized usmg die me&od of step (3) in Reaction Scheme Vn to provide 
a 6if-imidazo[4,5-cltetrazolo[l^-a]quinoline of Formula XUV. 
25 In step (5) of Reaction Scheme DC a 6H-imida2o[4,5-c]tetrazolo[l,5.a]qumoline of 

Formula XUV is reduced to provide a l/if.imida23o[4^-c]qumolhi- 4-amine of Formula I. 
Step (5) involves 0 reacting a compound of Formula XUV with tripheny^hosphine and 
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tben (ii) hydrolyzing. Part (i) can be carried out by combining a compound of Fomiula 
XLIV with triphenylphospliine in a suitable solvent such as 1 J-dichlorobenzene and 
heating. Part (ii) involves hydrolysis of the product from part (i). The hydrolysis can be 
earned out by conventional methods such as heating in the presence of water or a lower 
alkanol optionaUy in the presence of a catalyst such as an alkali metal hydroxide or lower 
alkoxide. The product or a pharmaceuticaDy acceptable salt thereof can be isolated using 
conventional methods. 



Reaction Scheme DC 




Tetiahydroimidazoqumolines oftbc invention can be ptepaied according to 
Reaction Scheme X where R, Rj. Ri2, X and n are as defined above. 

In step (1) of Reaction Scheme X a 4-amino-6,7,8,9-tetrahydro-lH-imidazo[4,5- 
cJquinoKn-l-yl alcohol of Formula XX is alkylated using the method of Reaction Scheme 
in with a hatide of formula HaHCHOMo-CH^ to provide a 6,7,8.9-tetrahydn)-l/f- 
tniidazo[4,5-i:]quinolin-4*ainine of Formula XLV. 

In step (2) of Reaction Scheme X a 6,7,8^-tetrahydro-l/f-iinida2o[4,5-c]quinolin- 
4-amine of Formula XLV is coupled using the mediod of step (5) of Reaction Scheme IV 
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with a halide of Formula Hal-Rn to provide a 6.7,8,9.tetrahydro-l^-iinida2o[4,5- 
c]qmnolin-4-amine of Formula XLIV which is a subgenus of Formula IV. The product or 
a phaimaceutically acceptable salt thereof can be isolated using conventional methods. 

5 Reaction Scheme X 




10 Compounds of the invention can be prepared according to Reaction Scheme XI 

where R, R|, Ra, X and n are as defined above. 

In step (1) of Reaction Scheme XI a 2,4-dihydroxy-3-nitro-6,7,8,9- 
tetrayhydroquinoline of Fomiula XLVn is chlorinated to provide a 2,4-dichloro-3-nitro- 
6,7,8,9-tEtrayhydioquinolinc of Formula XLVm. Conventional chlorinating agents can be 

1 5 used. Preferably the reaction is carried out by combining a compound of Formula XLVII 
with phosphorous oxychloridc and then heating (55-65°C). Compounds of Foraiula 
XLVn are known or can be prepared using known synthetic metiiods (see for example 
Nikolaides et al,. U.S. Patent 5,352,784 and references cited therein). 

In step (2) of Reaction Scheme XI a 2,4-dichloro-3-nitra-6,7,8,9- 

20 tctrayhydroquinolino of Formula XLVm is reacted with an amine of Formula Ri-O-X- 
NHj to provide a 2-chloio-3-nitto-6,7,8,9-tetrahydroqumolin-4-amine of Formula XLDC 
The reaction can be carried out by adding the amine to a solution of a compound of 
Formula XLVm in a suitable solvent such as N J^-dimethylformamide and heating (55- 
65^). 
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In step (3) of Reaction Scheme XI a 2<hloio-3-nitTo-6»7,8^-tetiahydioquinolui*4- 
amine of Fonnula XLEX is reacted with phenol using the method of step (4) of Reaction 
Scheme II to provide a 2-phenoxy-3-nitro-6»798,9-tetiahydroquinolin-4-amine of Fomiula 
L. 

hi step (4) of Reaction Scheme XI a 2-phenoxy-3-nitro-6,7,8,9-tetrahydroquinoUn- 
4-amine of Fomiula L is reduced using the method of step (2) of Reaction Scheme VII to 
provide a 2-phenoxy-6,7,8,9-tetrahydroquinolin-3,4-diamine of Formula LI. 

In step (5) of Reaction Scheme XI a 2-phenoxy-6,7,8,9-tetrahydroquinolin-3,4- 
diamine of Formula LI is cyclized using the method of step (3) of Reaction Scheme VII to 
provide a 4-phenoxy-6J»8^-tetrahydro-l^-imidazo[4,5-i:]quinoline of Formula LIL 

In step (6) of Reaction Scheme XI a 4-phenoxy-6,7,8,9-tetrahydro.l/r- 
imidazo[4,5-c]quinol]ne of Formula lH is aminated using the method of step (7) of 
Reaction Scheme n to provide a 6 J3»9-tetrahydio-lH-iinidazo[4,5-<;]quinolin-4-amine of 
Formula m. 
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Reaction Scheme XI 




Tbe invention also provides novel compounds useful as intennediates in tiie 
synthesis of the compounds of Fonnulas (I), QJ), (HI), and (IV). Hiese intennediate 
compounds have die stiuctuial Fonnulas (V) - (DQ and (XUV) described in more detail 
below. 
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One class of intennediatB confounds has Fonnula (V): 




wherein: X is -CHRr, -CHRs-alkyK or-CHRs-aDcenyl-; 
Rj is selected from the group consisting of: 

-heteroaiyl; 

-heterocyclyl; 

-R4-heteroar3d; 

-R4-heterocycIyl; and 

-(CH2)mo-C>C-R,o; 
R2 is selected from the group consisting ot 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

4ieteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-C0-N(R,)2; 
-CX)-CMoaIkyI; 
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-C0-O€|.ioalkyl; 

-N3; 

-aiyl; 

-heteroaiyl; 

5 -hetcrocyclyl; 

-CO-aryl; and 
-CO-hetcroaryl; 

R4 is all^l or alkenyl, which may be mtenupted by one or more -O- 
10 groups; 

each B3 is independently H or Cmo alkyl; 
Rio is heteroaiyl or heteiocyclyl; 
each Y is independently -O- or -S(0)o.r ; 
n is 0 to 4; and 

15 each R present is independently selected from tiie group consisting of Cmo 

alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromcthyl; 
or a pharmaceutically acceptable salt thereof. 

Another class of intermediates are imidazoquinoline-4-phenoxy compounds of 
20 Formula (VI): 




wherein: X is -CHR3-, -CHRralkyl-, or-€HR3-aIkenyI-; 
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Ri is selected fiom the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R4- heteroaiyl; 
5 -R4-heterocyclyl; and 

-(CH2)mo-OC.Rio; 
R2 is selected fix)m tte group consisting of: 

-liydiogen; 

-aUcyU 

10 -alkenyl; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
15 ' -aBcyl-Y- alkenyl; 

-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents setected 
from the group consisting of: 

20 -halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Cmo alkyl; 

-CO-0-Ci.ioaD^l; 
25 -N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aryl;and 
30 -CO-hcteroaiyl; 

R4 is alkyl or aDcenyl, which may be intemtpted by one or more -0- 
groups; 
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20 



each Rs is independently H or Cmo aUcyl; 
Rio is heteroaiyl or heteiocyclyl; 
each Y is independently -O- or -S(0)o.2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceutically acceptable salt dieieof. 

Another class of mtermediatB compounds is represented by Formula (VII): 



ZisNHiorNOi; 

X is -<:HR3-, -CHR3-alkyK or -CHRs-alkenyl-; 
Ri is selected &om &e group consisting of: 

-heteroaiyl; 

-heterocyclyl; 

-R4-heten>axyl; and 

-Rr-hetDrocyclyU 
R4 is ftllcyl or alkenyl, which may be inteirupted by one or more -O- 
groups; 

each Rj is independently H or Cmo all^l; 
D is 0 to 4; and 

each R present is independently selected from &e group consisting of Cj.io 
alkyl, C|.to alkoxy» hydroxy, halogen and trifluoromedxyl; 
or a phamiaceutically acceptable salt thereof. 
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Anodier class of inteimcdiate compounds has the Fonnuia (XLIV): 




(XLIV) 



5 wherein; X is -CHR3-, -CHRs-alkyl-, or -GHRs-alkenyl-; 

Ri is selected &om the group consisting of: 

-heteroaryl; 

-heteTocyclyU 

-R4- heteroaiyl; and 
10 -R4-4wterocyclyl; 

R2 is selected from die group consisting of: 

-hydrogen; 

-aDcyl; 

-alkenyl; 

15 -aiyl; 

-heteroaiyl; 

-heterocyclyl; 

-aflcyl-Y-alkyU 

-alkyl-Y-aDonyl; 
20 -alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 

from the group consisting of: 
-OB; 
•halogen; 

25 -N(R3)2; 

^O.N(R3V. 
-CO-Cmo alkyl; 
^0-CK:i-io alkyl; 
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-N3; 

-aiyl; 

-heteioaiyl; 
-heteiocycly^ 
-CO-aiyl; and 
-CO-heteioaryl; 



10 



15 



R4 is alkyl or alkexiyl, which may be interrupted by one or more -O- 
groups; 

each Ba is independently H or Clio alkyi; 
each Y is independently -O- or -S(0)i>.2-; 
nis0to4;and 

each R present is independently selected from the group consisting of Cmo 
alkyl, Ci.io a]koxy» hydroxy, halogen and tiifhumnnetiiyl; 
or a pharmaceutically acceptable salt tiiexeo£ 

An additional class of intennediate conqrannds has the Formula (Vm): 




N— (COOR7)2 



N 




N 



X-O-Ri 



(vni) 



wherein: 



X is -CHR3-, -CHRa-aBi^K or -CHRs-alkBn^-; 



Ri is selected from Ae group consisting of: 
-hoteroai^ 
-hetcrocyclyl; 
-R4- hetBToaiyl; and 
-Rr4ieterocyclyl; 



R2 is selected from the group consisting of: 
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-hydrogen; 

-alkyl; 

-aOccnyl; 

5 -heteroaryl; 

-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkcnyl; 
-alkyl-Y-aiyl; and 

1 0 - all^l or alkei^l substituted by one or more substitoents selected 

from the gioup consisting ot 
-OH; 



-N(R3)2; 

15 -CO-N(R3)2; 

-CO-Ci.io aBcyl; 

•CO-O-Ci.ioallcyl; 

-N3; 

-aiyl; 

20 -heteroaiyl; 

-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 

25 R4 is alkyl or alkenyl, which may be intemipted by one or more -O- 

gfoxtps; 

each Ra is independently H or Cmo alkyl; 
each Y is independently -O- or-^(0)o4-; 
D is 0 to 4; 

30 each R present is independently selected fiom die gnmp consisting of Cmo 

aU^U Cmo alkoxy, hydroxy, halog^ and tnfluoromethyl; and 
R7 is ^-butyl or ben^l; 
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or a phannaceutically acceptable salt tibereof. 

A further class ofintermediates axe hnidazoquinolme-4-chloro compounds of fte 
FonnulaODC) 

5 




X is -CHR3-, -CHRs-allQrl., or -CHRj-alkenyl-; 
Ri is selected from the group consisdiag of: 

•heteroaxyl; 

-hetexocyclyl; 

heteroaryl; and 

-lU-beterocyclyl; 
R2 is selected from liie group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; . 

.aiyU 

-hcteidaiyt; 
-hefteiocycl^ 
-alkyl-Y-anqrl; 
•alkyl-Y-alkenyl; 
-alkyl-Y-^yl; and 

-alkyl or alkeny] substituted by one or more substituents selected 
from the groi^ consisting of: 

-OHt 



wherein: 

10 



15 



20 
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-halogen; . 
-N(R3)2; 
-CO.NCR3)2; 
-CO-Cmo alkyi; 
5 -CO-O-Cmo alkyU 

-N3; 
-aiyl; 

-heteroaiyU 
-heteiocyclyl; 

10 -CO-aiyl; and 

-CO-heteroaiyl; 

R4 is aflcyl or diSkeayl^ which may be interrupted by one or more - 
groups; 

15 each R3 is independently H or Ci-10 aOcyl; 

each Y is independently -O- or -S(0)o-2S 
n is 0 to 4; and 

each R present is mdependcntly selected from the group consisting of Ci-io 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
20 or a phannaceutically acceptable salt diereof. 

As used herein, the terms "alkyl", "alkcnyP and the prefix "alk-" are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
cycloalkcnyl. Unless otherwise specified, these groups contain from 1 to 20 caibon atoms, 

25 with alkcnyl groups containing from 2 to 20 caibon atoms. Preferred groups have a total 
of up to 10 caibon atoms. CycHc groups can be monocyclic or polycyclic and preferably 
have from 3 to 10 ring caAon atoms. Exemplary cyclic groiqw include cyclopropyl. 
cyclopcn^l, cyclohexyl, cyclopropyhnethyl, and adamanlyL 

In addition, the alkyl and alkcnyl portions of -X- groups can be unsubstituted or 

30 substituted by one or more substituents, which substituents are selected from the group 
consisting of allQrl, alkcnyl, aryl. heteioaiyl, hcterocyclyl. aiylalkyl, hcteroaiylalkyl, and 
heterocyclylalkyl. 
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The term 'liaioalkyr is inclusive of groups that are substituted by one or more 
halogen atoms» including perfluoiinated groups. This is also true of groiq>s tbat inchide 
the prefbc "halo-'\ Examples of suitable haloalkyl groups are chloromethyl. 
trifluoromethyl, and the like. 

5 The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 

Examples of aiyl groups include phenyl, naphtiiyl, biphenyl, fluorenyl and indenyl. The 
tenn '^eteroaiyP* includes aromatic rings or ring systems that contain at least one ring 
heteio atom (e.g., O, S, N). Suitable beteroaiyl groups include furyU diienyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, 

10 pyiazolyl, oxazolyl, tinazolyl, benzoluranyl, benzothiophenyl, caibazolyl, benzoxazoIyU 
pyiimidinyl, quinoxalinyl, benzimidazolyl, benzo&iazolyl, naphthyridinyl, isoxazolyl, 
isothiazolyl, quinazolinyl, ptnlnyl, and so on. 

"Heterocyclyl" includes non-aromatic rings or ring systems that contain at least 
one ring hetero atom (e.g., O, S, N) and includes flie ftdly saturated and partially 

15 unsaturatedderivativesof any of the above mentioned heteroaiyl groiips. Exemplary 

heterocyclic groups include pynolidinyl, (Btrafaydroiuranyl, moipholinyl, thiomorpholinyl, 
piperidiiQr], piperazinyl, ttiiazolidinyl, imidazolidinyl, isodiiazolidiiiyl, and die like. 

The aiyl, betexx»xyl, and heterocy clyl groups can be unsubsti tuted or substituted by 
one or more substituents independently selected from tiie group consisting of aDcyU 

20 aOcoxy, alkylthio, haloalkyl, haloalkoxy, haloalkylthio, halogen, nitro, hydroxy, mercapto, 
cyano, caiboxy, formyl, aiyl, aryloxy, arylthio, arylalkoxy, arylalkylthio, heteroaryl, 
heteroaiyloxy, heteroaiyithio, heteroarylalkoxy, heteroarylalkylthio, amino, alkylamino, 
diaflcylamino, beterocyclyi, heterocycloaOcyl, alkylcaibonyl, aOcenylcaxbonyl, 
aOcoxycaibonyly haloalkylcarbonyl, haloalkoxycaibonyl, alkylthiocaxbonyl, aiylcarbonyl, 

25 heteroaiylcaiboiiyl, aryloxyci^bonyl, heteroaxyloxycaiboiryl^ aiyldiiocarboiiyl, 

betBroaz^tihiocaxbonyU alkanoyloxy, alkasoyUhio, alkanoylamino, aioyloxy, aroyltfaio, 
aioylamino, alkylaminosulfonyl, alkylsulfonyl, aiylsulfonyl, hetexoaiylsul&a^ 
aiyldiaziiiyl, alkylsulfonylamino, aJkylenesuIfonylamino, axylsulfonylanuno, 
aiylBlkyl8ulfonylanuno,heten>aiylsulfonylamino, heteroaDQrlsnlfonylaxnino, 

30 alkylcaibonylamino, alkenylcaibonylamino, arylcaibonylamino, aiylalkylcaibonylamino, 
heteroarylcarbonylamino, heteroarylalkylcaibonylamino, aDcylaminocarbonylamino, 
alkenylaminocarbonylamino, arylaminocaibonylamino, aiylalkylaminocaibonyl. 
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heteroaiylainiiiocaxbonylainiiio, herteioaiylalkylaininocaibonylainino, but, in the case of 

heterocyclyl, allqrlcazbonyl, alkenylcaibonyl, haloalkylcarbonyl, aiylcarbonyl, 

heteroaiylcaibonyl, alkylthiocaibonyU aiylthiocaibonyl, heteroaiylcaibonyl, 

alkylaminosulfonyl, alkylsulfonyl, aiylsulfonyl, and heteroaiylsulfonyl are not pennitted. 
5 If any other groups are identified as being "substituted" or "optionally substituted", then 

those groups can also be substituted by one or more of the above enumerated subsdtuents. 
Certain substituents are generally prefened. For example, preferred heteroaiyl 

groups mclude 2-pyridine, 3-pyridine, 4-pyridine, 2^)yrimidine, and 5-pyriinidine. 

Preferably no R substituents are present (i.e., n is 0). Preferred groups include 
10 hydrogen, alkyl groups having 1 to 4 carbon atoms (i.e., methyl, ethyl, propyl, isopropyl, 

it-butyl, sec-butyl, isobutyU and cyclopropyhnethyl), methoxyethyl, and ethoxymethyl. 

One or more of these preferred substituents, if present; can be present in the compounds of 

the invention in any combination. 

15 ,. The invention is inclusive of the compounds described herein in any of their 

pharmaceuticaUy acceptable forms, including isomers (e.g., diastereomers and 
enantioraers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
optically active, the invention specifically includes each of the compound's enantiomers as 
weD as racemic mixtures of the eruintiomers. 

20 

Pharmaceutical Compositions and Biological Activity 

Pharmaceutical compositions of the invention contain a therapeutically effective 
amount of a compoimd of the invention as described above in combination with a 
pharmaceuticaUy acceptable carrier. 

25 The term "a therapeutically effective amount" means an amoimt of the compound 

sufticient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity. Altiioug}i the exact amount of active compound used in a 
pharmaceutical composition of the invention will vary according to factors known to tiiose 
of skill in the art, such as the physical and cherrucal nature of the compound, tiie nature of 

30 tiie cairier, and the intended dosing regimen, it is anticq)at)ed tiiat the compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 pg/kg to about 5 m^kg, of the compound to the 
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subject Ajoy of die conventiona] dosage fonns may be used, such as tablets, lozenges, 
parenteral fonnulatioiis, syrups, creams, ointments, aerosol formulations, transdennal 
patches, transmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 
5 agent in the treatment regimen, or the compounds of the invention may be administered in 
combination with one another or with other active agents, including additional immimf^ 
response modifiers, antivirals, antibiotics, etc. 

The compounds of the invention have been shown to induce the production of 
certain cytokines in experiments performed according to the tests set forth below. These 

10 results indicate diat the compounds are useful as immune response modifiers that can 

modulate the immune response in a number of different ways, rendering them useful m the 
treatment of a variety of disorders. 

Cytokines whose production may be induced by the administration of compounds 
according to the invention generally include interferon-a (EFN-C|^) and/or tumor necrosis 

15 factor-a (TNF-a) as well as certain interlcukins (IL). Cytokines whose biosynthesis may 
be induced by compounds of the invention include IFN-o, TNF-kx, IL-1 , IL-6, IL-10 and 
IL-12, and a variety of other cytokines. Among other effects, these and other cytokines 
can inhibit virus production and tumor cell growth, making tfie compounds useful in the 
treatment of viral diseases and tumors. Accordingly, the invention provides a method of 

20 inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 

Certain compounds of the invention have been foimd to preferentially induce the 
expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) without 

25 concomitant production of significant levels of inflammatoiy cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
iht mvention affect other aspects of the innate immune response. For example, natural 
kiUerceH activity nmy be stimukted, an effect that niay be due to cytokine indue The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 

30 oxide and the production of additional cytokines. Further^ the compounds may cause 
proliferation and differentiation of B-lyiiq)hocytes. 
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Compounds of the invention also have an effect on the acquired immune response. 
For example, although there is not believed to be any direct efiTect on T cells or direct 
induction of T cell cytokines, the production of Ihe T helper type 1 (Thl) cytokine IFN-7 
is induced indirectly and the production of the T helper type 2 {Th2) cytokines IL-4, IL-5 

5 and EL- 13 are inhibited upon administration of the compounds. This activity means that 
die compounds axe useful in the treatment of diseases where upregulation of die Thl 
response and/or downregulation of flie Th2 response is desired. In view of the ability of 
compounds of tiie invention to inhibit the Th2 immune response, the compounds are 
expected to be useful in &e treatment of atopic diseases, e.g., atopic dennatitis, asthma, 

10 allergy, allergic rhinitis; systemic lupus erydiematosis; as a vaccine adjuvant for cell 
mediated immunity; and possibly as a treatment for recmrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them nstM in 
&e treatment of a wide variety of conditions. Because of dieir ability to induce the 

1 5 production of cytokines such as IFN-a and/or TNF-o, flie compounds are particularly 
useful in die treatment of viral diseases and tumors. This immunomodulating activity 
suggests that compounds of tiie invention are useM in treating diseases such as, but not 
limited to, viral diseases including genital waits; common waits; plantar waits; Hepatitis 
B; Hepatids C; Herpes Simplex Virus Type I and Type II; moUuscum contagiosum; 

20 variola, particularly variola major; rhinoviius; adenovirus; influenza; paia-influenza; HIV; 
CMV; VZV; intraepithelial neoplasias such as cervical intraepithelial neoplasia; human 
papillomavirus (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergUlus, 
and cryptococcal meningitia; neoplastic diseases, e.g., basal cell carcinoma, haiiy cell 
leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous 

25 leukemia, multiple myeloma, melanoma, non-Hodg^'s lymphoma, cutaneous T-cell 
lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis camii, 
cryptosporidiosis, histoplasmosis, toxoplasmosis, txypanosome infection, and 
leishmaniasis; and bacteria] infections, e.g., tuberculosis, and mycobacterimn avium. 
Additional diseases or conditions tiiat can be treated using tbt compounds of fbc invention 

30 include actinic keratosis; eczema; eosinophilia; essential tlirombocythaemia; leprosy; 
multiple sclerosis; Onunen's syndrome; discoid lupus; Bowcn's disease; Bowenoid 
papulosis; alopecia areata; the inhibition of keloid formation after surgery and other types 



39 



wo 02/46193 



PCTAJSOl/46704 



of post-sur^cal scars. In addition, these compounds could enhance oi stimulate the 
healing of wounds, including chronic wounds. The compounds inay he useful for treating 
the opportunistic infections and tumors Aat occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

An amount of a compound effective to induce cytokine biosynthesis is an amount 
sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, BFN-ct, 
TNF-a, IL-1, IL-6, IL-10 and IL-12 that is increased over the background level of such 
cytokines. The precise amount wiU vary according to fectois known m the art but is 
) expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jigrtcg to 
about5mg*g. The invention also provides a mefliod of treating a viral infection man 
animal and a metiiodoftrcating a neoplastic disease in an animal comprismg 
administering an effective amount of a compound or composition of the invention to the 
animal. An amount effective to treat or inhibit a viral mfectiop is an amount that will 
5 cause a reduction in one or more of the manifestations of viral infection, such as viral 

lesions, viral load, rate of virus production, and mortality as compaipd to untreated control 
animals. The precise amount will vary according to factors known in the art hut is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jigAcg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
20 amount that will cause a reduction m tumor size or in ttie number of tumor foci. Again, 
the precise amount will vary according to factors known in the art but is expected to be a 
dose of about 1 00 ng/kg to about 50 mg/kg, preferably about 10 ^ig/kg to about 5 mg/kg. 

The invention is furtiier described by tiic following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 

25 

In tiie examples below some of the compounds were purified using semi- 
preparative HPLC. Two different methods were used and tirey are described below. Both 
methods used a A-1 00 Gilson^ equipped witii 900 Series Intelligent Interface. The semi- 
prep HPLC ftactions were analyzed by LC-APCI/MS and tixe appropriate fractions were 
30 <»mbined and lyophilized to provide the trifluoroacetatesah of tiie desired 

Method A 
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Column: cohunn Microsorb C18» 21.4 x 250 mm, 8 micron particle size, 60 A pore; 
flow rate: 10 mUmin.; gradient elution from 2-95% B in 25 mm., hold at 95% B for 5 
min., where A=0.1 % trifluoroacetic acid/water and B=0.1% trifluoroacetic 
acid/acetonitrile; peak detection at 254 nm for triggering fraction collection. 
Methods 

Colmnn: Phenomenex Capcell PakCl 8, 35 x 20 mm, 5 micron particle size; flow 
rate: 20 mL/min.; gradient elution from 5-95% B in 10 min., hold at 95% B for 2 min., 
where A=0.1 % trifluoroacetic acid/water and B^.1% trifluoroacetic acid/acetonitrile; 
peak detection at 254 nm for triggering fraction collection. 

Example 1 

l-<2-{[3-C[soquinolm-4-yO-2-propynyl]oxy}e&yI)-lif-iinida2o[4,5-€^ 




Part A 

2-(l/Mmidazo[4.5-c]quinolin-l-yl)-l-cthanol (28.5 g, 0.133 mol) was added in 
portions over a period of 1 hour to a mixture of sodium hydroxide (240 mL of 50%), 
dichlorometfiane (240 mL), prppargyl bromide (39.6 g of 80%, 0.266 mol) and 
benzyltrimetiQrlainmonium chloride (2.46 g, 0.013 nimol). The resulting reaction mixture 
was allowed to stir at ambient tenq)eFature for 1 6 hours at which time the reaction mixture 
was homogeneous. The layers were separated. The aqueous fraction was extracted with 
additional dichlorometiiane. The organic fractions were combined, washed with water, 
dried over magnesium sulfate and then concentrated imder reduced pressure. The 
resulting residue was combined with diethyl ether and the mixture was allowed to stir. An 
orange solid was isolated by filtration. This material was recrystallized from ethyl acetate 
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to provide 19.8 g of 2-(l//-iinidazo[4^-c]qumolin-l-yl)ethyl {2-propynyl) ether as a 
yellow crystalline solid, m-P- 124-126**C. 

Analysis. Calculated for C15H13N3O: %C, 71.70; %H, 5.21; %N, 16.72. Found: %C, 
71.85; %H, 5.25; %N, 16.90 
5 *HNMR (300 MHz, DMSO) 6 921 (s, 1 H), 8.44 (m, 1 H), 8.36 (s, IH). 8.18 (m, 1 H), 
7.71 (m, 2 H), 4.93 (t, J = 5.1 Hz, 2 H), 4.14 (d, J = 2.4 Hz. 2 H). 3.98 (t, J = 5.1 Hz, 2 H), 
335(t,J=2.2Hz,lH) 

HRMS(ESI) calcd for C15H14N3O (MH*) 252.1 137, found 252.1 141 
Parte 

10 2-(lJy-Iimdazo[4,5-c]qumolin-l-yl)ethyl (2-propynyl) ether (19.7 g, 78.4 mmol) 

and chloroform were combined and then cooled to 0**C. 3-Chloroperoxybenzoic acid (15.7 
g of 57-86%) was added and the mixture was allowed to stir for 0.5 hour. The mixture 
was aUowed to warm to ambient temperature by which time all material was in solutiorL 
Analysis by thin layer chromatography (TLC) indicated that some starting material was 

1 5 still present so more 3-chloroperoxybenzoic acid (two separate 4 g portions) was added. 

About 0.5 hour after tiie second portion was added, TLC showed no starting material. The 
reaction solution was extracted with 10% sodium hydroxide. The aqueous fraction was 
tfien extracted multiple times with dichloromelhane. The organic fractions were 
combined, dried over magnesium sulfate, filtered and then concentrated under reduced 

20 pressure to provide 1 8.5 g of l-[2-(2-propynyloxy)ethyl]-l/f-imida2o[4,5-c]quinohne-5N- 
oxide as a yellow oil. 

HRMS(ESI) calcd for Ci5H,4N302 (MH*) 268.1086, found 268.1098 
Parte 

Under a nitrogen atmosphere trichloroacetyl isocyanate (15.5 g, 82.2 mmol) was 
25 added dropwisc to a mixture of 1 -[2-{2-propynyloxy)etfiyl]-lH-imidazo[4,5-c]quinoline- 
5N-oxide (18.3 g, 68.5 mmol) and dichlorometfaane (300 mL). Vigorous carbon dioxide 
evolution was observed. After about 0.5 hour all of tfie material was in solutioiL The 
reaction solution was allowed to stir for about 1 hour at which time analysis by TLC 
indicated the presence of a small amount of starting material. More trichloroacetyl 
30 isocyanate (4.5 g) was added. After 1 hour, TLC analysis indicated that the reaction was 
' complete. The volatiles were removed under reduced pressure to provide N'{l-[2-(2- 
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propynyloxy)ethyl]-lif-iiiudazo[4,5-c]quinolm-4-yl}-2^,2-^ as a pale 

yellow solid. 

PaitD 

Dichloromethane (1 50 mL) was added to a mixture of the solid from Part C and 
methanol (200 mL) and all of the material went into solutioa Sodium methoxide (50 g of 
25% in methanol) was added and the solution was allowed to stir at ambient temperature 
overnight The resulting precipitate was isolated by filtration. The filtrate was 
concentrated to a volume of approximately 100 mL and a second crop of precipitate was 
isolated by filtration. The two crops were combined and dried in a vacuum oven at 60°C 
for 16 hours to provide 16.4 g of l-[2-(2-pn^ynyloxy)ethyl]-l/r-unidazo[4,5-c]quinolin- 
4-amine as an off-white solid, m.p. 225-227^. 

Analysis. Calculated for C15H14N4O (HzO)^: %C, 66.53; %H. 5.40; %N, 20.69. Found: 
%C, 66.33; %H. 5.18; %N, 21,12 

'H NMR (300 MHz. DMSO) 5 8.13 (s, 1 H), 8.08 (br d, J = 7.8 Hz, 1 H), 7.62 (br d, J = 
8.3 Hz, 1 H), 7.44*(br t, J = 7.6 Hz, 1 H), 724 (br t, J = 7.5 Hz, 1 H), 6.54 (s, 2 H). 4.81 (t, 
J = 5.4 Hz,2H). 4.14 (d.J = 2.4Hz,2H). 3.93 (t,J = 5.1Hz,2H), 3.38 (t, J = 2.4 Hz, 1 
H) 

HRMS(ESI) calcd for Ct5Hi5N40 (MH^ 267.1246, found 267.1253 
PartE 

Under a nitrogen atmosphere l-[2-(2-ipropynyloxy)e^l]-li/-imidazo[4,5- 
c]quinoHn-4-aminc (16 g, 60.1 mmol), di-rcrt-butyl dicarbonate (32.7 g, 150 mmo1)» 
triethylamine (21 mL, 150 mol), N,N-dimethylformamide (150 mL) and 4- 
(dimethylamino)pyridine (0.1 g) were combined and heated to 80-85**C. After about 1 
hour the mixture became homogeneous and TLC analysis indicated that veiy little starting 
material remained. The solution was heated for an additional hour. The solution was 
diluted with ethyl acetate and water. The kyeis were separated and the aqueous fiactioa 
was extracted with ethyl acetate. The organic fractions were combined, washed inddi 
water and ttien with brine, dried over magnesium sulfrite, filtered and flien concentrnted 
under reduced pressure to provide a pale orange*yellow solid. This material was triturated 
witili diethyl ether to provide 22.6 g of N,N-(bia rcrr-butoxycaibonyI)-l-[2-(2- 
propynyloxy)ethy]]-l/f-imidazo[4,5-c]qtiinolin-4-8mine as an off-white solid, m.p. 139- 
142"C. 
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Analysis. Calculated for C25H30N4O5: %C, 6436; %H, 6.48; %N. 12.01. Found: %C, 
64.40; %H. 6.43; %N. 12.06 

*H NMR (300 MHz. DMSO) 6 8.44 (m, 1 H), 8.35 (s, I H). 8.08 (m, 1 H), 7.73 (m, 2 H), 
4.94 (t, J = 4.9 Hz, 2 H), 4.12 (d, J = 2.4 Hz, 2 H), 3.98 (t, J = 5.1 Hz, 2 H), 3.31(t,J = 2,4 
5 Hz,lH),1.34(s,18H) 

HRMS(ESI) calcd for C25H3iN40$ (MH*) 467.2294, found 467.2307 
PartF 

Under a nitrogen atmosphere NJ4-(bis terf-butoxycarbony])-l-[2-(2- 
pTopyny!oxy)ethyl]-lH-miidazo[4,5-c]qumolm-4-amme (1.0 g, 2.14 nunol), triethylamme 

10 (0.8 mL, 5.56 mmol) and N^-dimethylfonnamide (25 mL) were combined and tiie 

resulting solution was heated to 80-85^. Dichlorobis(triphenylphosphine)palladium(n) 
(0.08 g, 0.1 1 mol), copper(I) iodide (0.04 g, 0.21 mmol) and 4-bTomoisoquinoline (0.49 g, 
2.35 mmol) were added. After 3 hours analysis by high performance liquid 
chromatography (reverse phase with an acetonitrile/water gradient) indicated that the 

15 reaction was complete. The reaction solution was slowly poured into water with vigorous 
stirring. A cream colored precipitate was isolated by filtration, washed witfi water and 
then dried in a vacuum oven (<40°Q for 16 hours to provide 1 .21 g of N,N-(bis tert" 
butoxycaibonyl)-l-(2-{[3-(isoquinolin<4-yl)-2-propynyl]oxy}ethyl)4H-imidazo[4,5- 
c]quinolin-4-ainine. 

20 HRMS(EC calcd for C34H35N5O5 (M*) 594.2716, found 594.2732 
PartG 

Under a nitrogen atmosphere, the material horn Part F was added m portions to a 
mixture of dichlonimethane (5 mL) and trifluoroacetic acid (5 mL). The resulting solution 
was allowed to stir at ambient temperature for 2 hours at which time TLC indicated die 

25 reaction was complete. The solvents were removed under reduced pressure. The residue 
was diluted with dichloromediane/mediano! (~4/l) and 20% sodium hydroxide. The 
layers were separated. The aqueous firaction was extracted with 
dichloromethanc/methanol (^/l). The organic fractions were combined, dried over 
magnesium sul&te, fOtered arui then concentrated under reduced pressure. The residue 

30 waspurifiedby flashchromatographytoprovide0.15 gof l-(2-{[3'<isoqtiinolin-4'yl>>2- 
propynyl]oxy}ethyl)-l/f-imidazo[4,5^]quinolin-4-amine as an off-white solid, m.p. dec > 
205^ 
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NMR (300 MHz, DMSO) 6 9.30 (s, 1 H), 8.43 (s, 1 H), 835 (s, 1 H). 8.19 (m. 2 H), 
7.88 (hr d. J = 8.0 Hz, 1 H). 7.65 - 7,80 (m, 4 H), 7.60 (d, J = 8.3 Hz, 1 H), 7,49 ft J = 7.8 
Hz. 1 H), 734 (t. J = 7.8 Hz, 1 H), 4.93 (t, J = 4.9 Hz, 2 H), 4.57 (s, 2 H), 4.14 ft J « 5.1 
HZ.2H) 

5 HRMS(ESI) calcd for C24H19N5O (MH*) 394.1668, found 394.1669 

Example 2 

H2-{[3-(13-Thiazol-2-yl)-2-pTopynyl]oxy}ethyl> 
lH-iimdazo[4,5-c]qumoliih4-ainiiie 




Part A 

Using &e general method ofExamplc 1 PaitF,NJ^-(bis fert-butoxycarbonyl>l- 
[2-(2-propynyloxy)ethyl]-lH-imidazo[4.5-c]quinolin-4-amm^ (1.0 g. 2.14 mmol) was 
reacted with 2-biomothiazole to provide 0,97 g of N;^-(bis /ert-butoxycaibonyl>l-(2-{[3- 
15 (i,3-thia2ol-2.yl)-2-propynylloxy}ethyl>lff-imidazo[4^^ as a glassy 

yellow solid. 

MS (CI) 550, 450, 350 

PartB 

Using Ac general mcdibd of Example 1 Part G. Ac material fiom Part B was 
20 hydiolyzed to provide 0.11 gof l-(2.{[3KU-tliiazol.2-yl>2-propynyl]oxy}ethyl)-^^^ 
imidazo[4,5-<:]qu3nolin-4-aminc as a white solid, m.p. 157-159^. 
Analysis. CalciiktedforC,aH,5N50S-(H20)iM:%C. 61.09;^ 19.79. Found: 

%C, 61.06; %H. 4.37; %N, 19.53 
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*H NMR (500 MHz, DMSO) 6 8.18 (s, 1 H). 8.1 1 (d, J = 7.9 Hz, 1 H). 7.89 (dd. J = 17.7, 
2.9 Hz, 1 H), 7,62 (d. J = 7.9 Hz, 1 H), 7.43 (t. J « 7.5 Hz, 1 H), 7^23 (t, J = 7.5 Hz, 1 H), 
6.64 (s. 2 H), 4.83 (m, 2 H), 4.50 (s, 2 H), 4.01 (m, 2 H) 
HRMS(EI) calcd for CigHisNsOS (M*) 349.0997, found 349.0988 

5 

Examples 

l-{2-[3-(lH-Pyiazol-4-yl)propoxy]etfiyl}-lif-imidazo[4,5-c]qiunol^^ 

NH, 




10 

PaitA 

NJ^-<bi8^c^^butoxycaIbonyl)-l-[2-(2-prDpynyloxy)e%l]-l//^-imid^ 
c]qumoljii-4-aizimc (2.25 g, 4.82 mmol), trietfaylamine (1 .34 mL, 9.64 nunol), 4- 
iodopyrazole (1 .02 g, 5.30 mmol) and anhydrous acetonitrile (40 mL) were combined. 

1 5 Nitrogen was bubbled tougb the resulting solution for 10 minutes. 

Dichlon)bis(triphenylphosphine)palladium(II) (68 mg, 0.096 mo!) and coppei(I) iodide 
(37 mg, 0.192 mmol) were added and the solution was heated to 40'*C. After 1 hour 
analysis by HPLC (reverse phase) indicated tiiat no reaction had taken place. The reaction 
solution was heated to about 90**C. After 4 hours analysis by HPLC indicated that the 

20 reaction was complete. The volatiles were removed under reduced pressure. The residue 
was purified by flash chromatography (9/1 dichloxometfaane/medianol) to provide 1.2 g of 
NJ4-{bi8lcrf4)utoxycarbonyl)-K2-{[3<l/f-pyrazol-4-yl)-2-propyny^ 
imidazo[4,5-c]quinolin-4-amine as a white solid. 
PartB 

25 The material from Part A was combined wifli meflianol (-20 mL) and catalyst 

(0.25 g of 10% palladium on carbon). The mixture was hydrog^ted for 4 hours at which 
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time analysis by reverse phase LC-MS indicated reduction to die alkene and the alkane. 
More catalyst {025 g) was added and the mixture was hydrogenated for 2 days at which 
time LC-MS indicated one product with no staitiDg material or alkene. The mixture was 
filtered and the filtrate was washed with methanol. The solution was concentrated to give 
a solid This material was purified by flash chromatography (9/1 
dichloromethane/methanol) to provide 0.9 gof N,N-{bis /^-butoxycarbonyI)-l-{2-[3- 
(lJY-pyrazol-4-yl)propoxy]ethyl}-lH-imida2o[4,5-c]quinolin-4-amine as a white solid. 
*H NMR (300 MHz, DMSO) 512.43 (br s, 1 H), 8.48 (br d, J = 7.1 Hz, 1 H), 8 J7 (s, IH), 
8,08 (br d, J « 7.3 Hz, I H), 7.72 (ra, 2 H). 7.30 (br s, 1 H), 7.14 (br s, 1 H), 4.92 (t, J = 4.9 
Hz.2H),3.88(t,J = 4.9Hz,2H),2.22(t,J = 7.8Ifa,2H),1.56(m,2H). 1.31 (s, 18 H) 
MS (EI) 537. 437, 337 
Parte 

Under a nitrogen atmosphere trifluoroacctic acid was added to a mixture of 
(bis/€r/-butoxycarbonyl)-l-{2-[3-{l/f-pyrazoM-yl)propoxy]ethyl}-lif-i^ 
c]quinolin-4-amine (0.5 g, 0.93 mmol) and dichloromethane (5 mL). The resulting 
solution was allowed to stir for 16 hours at which time analysis by LC-MS indicated that 
the reaction was complete. The solvents were removed under reduced pressure. The 
residue was dissolved in ethyl acetate (-10 mL) and trie&ylamine (2 mL) was added. A 
precipitate formed and the reaction mixture was allowed to stir for 2 hours. The solid was 
isolated by filtration and then it was purified by flash chromatography (9/1 to 8/2 
dichloromethane/methanol) to provide 0.18 g of l-{2-[3-(lff-pyrazo-4- 
lyl)propoxy]ethyl}-l/f-nnidazo[4,5-c]quinolin-4-amine as a white solid, m.p. 163-169X. 
Analysis. Calculated for CaHzoNaO • (CF3C02H)o.i3 %C, 62.18; %H. 5.75; %F, 2.42; %N, 
23.77. Found: %C. 61.86; %H, 5.70; %F, 2.52; %N, 23.44 

^H NMR (300 MHz, DMSO) 5 12.50 (br s, 1 H), 8.20 (s, 1 H), 8.15 (d, J = 8.3 Hz, I H), 
7.66 (d, J =• 8.3 Hz, 1 H), 7.49 (t, J = 7.6 Hz, 1 H), 7.29 (t, J » 7.6 Hz, 1 H), 7.1 5 - 7.40 (br 
•S.2H), 7.00 (br8,2H). 4.81 (t,J = 4.6Hz,2H),3.84(t,J=4.6Hz,2H), 3.34 (t.J = 6.1 
Hz. 2 IQ. 2.27 (t. J = 7.6 Hz, 2 H), 1 .60 (m. 2 H) 
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Example 4 

142<3-Pyrimidiii-2-ylpiopoxy)e%l]4H-iiiudazo(4,^^^ 




Part A 

5 Under a nitrogen atmosphere dibenzyl dicaibonate (50 g, 174 mmol) was added to 

a mixture of l42<2-propynyloxy)etfayll-lif-imida2o[4^-^]quinolin-4-ai^ (16.4 g, 61 .6 
mmol) and anhydrous N J^-dimelhylformamide (200 mL). The reaction mixture was 
allowed to stir at atmbient tempemture for 16 hours and fee ica^^ 
homogeneous. The reaction mixture was partitioned between efeyl acetate and water. The 

10 layers were separated. The aqueous layer was extracted with ethyl acetate. The organic 
fractions were combined, washed with water, washed with brine, dried over magnesium 
sulfate, filtered and then concentrated under reduced pressure to provide a semisolid. This 
material was triturated with diethyl ether to provide 27.4 g of N J^-(bis 
ben2yloxycarbonyl>142K2i)ropynyloxy)eaiyl]-lif imidazo[4^H:]quin as a 

15 white solid. 
PartB 

NJ^KBisbenzyloxycaibonyl)-l<2-(2-propynyloxy)ethyl]-lH-ii^ 
c]qumolin-4-amine (1.00 g, 1 .87 mmol), anhydrous acetonitrile (10 raL), triethylamine 
(0.68 mL, 4.86 mmol), and2-bromopyriinidine (0.327 g, 2.06 mmol) were combined. 

20 Under a nitrogen atmosphere copper (T) iodide (0.014 g) and 

dichlorobis(triphenylpho8phine)paUadium(II)(0.026g) were added. The reaction mixture 
was maintained at ambient temperature for 15 minutes and then heated to 80*^ for 1.5 
hours. The reaction mixture was diluted with efliyl acetate and water. The aqueous layer 
was separated and then extmcted wife e&yl acetate until no UV materials remained in the 

25 aqueous layer. Theorganicftactions were combined, washed with aqueous sodium 

bicarbonate and brine, dried over magnesium sulfate, filtered and then concentrated under 
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reduced pressure. The residue was purified by column chromatography eluting with 98/2 
etiiyl acetate/methanol to provide 0.68 g of a mixture of &e mono and di 
benzyloxycarbonyl protected l-{2-I(3-pyrimidin-2-ylprop-2-ynyI)oxylethyl}-l^r- 
imidazo[4,S-^]quinolin^amiDe. 
5 *H NMR (300 MHz, DMS0-d6) 8 8.78 (d, J- 4.9 Hz, 2 H), 8.49 (m, 1 H), 8.45 (s, 1 H), 
8.12 (m. 1 H), 7.73-7.78 (m, 2 H), 7.50 (t. J= 4.9 Hz, I H). 7.23-7.28 (m, 6 H). 7.14-7.17 
(m, 4 H). 5.20 (s. 4 H), 5.02 (t,7= 5.0 Hz, 2 H), 4.51 (s, 2 H), 4.10 (t. 5.0 Hz, 2 H), 
MS (CI) for C35H28N5O5 m/z 613 (MEf), 569, 461, 345 
PaitC 

10 The material from Part B, palladium'hydroxide (0.25 g of 20% on carbon) and 

meAanol (25 mL) were combined and hydtogenated at 47 psi (3.3 Kg/cm^) for 3 hours at 
ambient temperature. The reaction mixture was allowed to stand over &e weekend at 
wWch time analysis indicated the presence of some product with protected amme groups. 
The reaction mixture was filtered to remove tiie catalyst and the filtrate was treated with 

15 sodium methoxide (1 mL of 25% in methanol) for about 16 hours to remove the protecting 
groups. The reaction mixture was concentrated under reduced pressure. The residue was 
purified by column chromatography eluting with 1/1/1 ethyl acetate/metiianol/hexane to 
provide 0.235 g of a solid. Thismaterial was stirred with hot tohicne and then filtered to 
remove insoluble materials. The filtrate was concentrated under reduced pressure. The 

20 residue was triturated with isopropanol and etiiyl acetate to provide 61 mg of l-[2-(3- 
pyrimidin-2-ylpropoxy)ethyl]-lH-imidazo[4,5-c]qmnolin-4-amm as a solid, m,p. 126- 

127-C. 

Analysis, Calculated for C„H2oNdO: %C, 65.5; %H, 5.79; %N, 24.12. Found: %C, 
65.65; %H, 5.78; %N, 24.15 
25 'H NMR (300 MHz. DMS0-d6) 8 8.66 (d, J= 4.7 Hz, 2 H). 8.14 (s, 1 H), 8.08 (d, 7- 8.0 
Hz, 1 H), 7.62 (d. J = 8.2 Hz. 1 H), 7.45 (t, 7= 7.0 Hz, 1 H). 724-731 (m. 2 H), 6.58 (s, 2 
H). 4.77 (t. 4.7 Hz. 2 H), 3.84 (t.y- 4.5 Hz, 2 H), 3.42 (t. /- 6.2 Hz. 2 H). 2,82 (t, J- 
7JHz,2H),1.89(m.2IQ 

m (KBr) 3302, 3187. 2868. 1637, 1561, 1418. 1 139 cm'' 
30 HRMS (EI) calcd for C19H20N6O (M*) 348.1699, fonnd 348.1700. 



49 



wo 02/46193 



PCT/USOl/46704 



Examples 

142-(3-Pyridin-4-ylprq)Oxy)ethyl]-l/^imidazo[4,5-c]quinoUn-^ 
NH, 




o 




Part A 



5 Using the general meflud of Example 4 Part B N^-(bis bcnz3rtoxycaibonyl)-l-{2- 

(2-propynylo3Q')c%l]-llf-inridazo[4,5-^:3qumolin-4-amine (2.00 g, 3.74 nunol) was 
reacted with 4-bromopyridine (0.8 g, 4.12 nunol) to provide 1.47 g of a mixture of mono 
and dilwnzyloxycarboivl protected l-{2-((3ijyridiri^ylprop-2-y^^ 
inudazo[4,S-c]quinolin-4-amine. 

10 'H NMR (300 MHz, DMS0-d6) 5 8.46 (m. 3 H). 8.43 (s, I H). 8.12 (m, 1 H). 7.72-7.76 
(m. 2 H). 722-7.28 (m, 5 H). 7.14-7.17 (m, 6 H), 5.18 (s. 4 H). 5.00 (t, J= 5.0 Hz, 2 H). 
4.4S(s, 2 H). 4.12 (1.7= 4.0 Hz, 2 H) 
MS (CI) for C36H»N50j m/z 612 (MH*). 568, 344 
FartB 

15 Palladium hydroxide (0.57 g of 20% on carbon) was added to a sohition of die 

material fiom Part A in methanol (-10 mL). Hie mixture was hydrogenated at 50 psi (3.5 
Kg/cm*) for 5 hours. More catalyst (0.07 g) was added and the hydrogenation was 
continued for another hour. TTic reaction mixture was filtered to remove catalyst and the 
filter cake was flioroughly washed with methanol. The filtrate was concentrated under 

20 reduced pressure. The residue was purified by column chromatography eluting wiflr 6/3/1 
ethyl acetate/methanol/hexane and then triturated widi diethyl etfier to provide a solid. 
Hus material was further purified by column cfaromatogiapfay ehiting wiA 9/1 
dichloromeOane/methanol with ammonhnn hydroxide to provide 0.20 g of l-[2-(3- 
pyridln4-ylpropoKy)efliylHH-imida2ot4,5-c]qurnolin-4.amine as a soHd, m.p. 160- 

25 162«C. 



SO 
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Analysis. Calculated for C20H21N5O: %C, 69.14; %H, 6.09; %N, 20.16. Found: %C, 
69.17; %H. 6.09; %N, 19.79 

*H NMR (300 MHz. DMS0-d6) 5 8.29 (dd. J- 2.6, 1.8 Hz, 2 H), 8.18 (s, 1 H), 8.1 1 (d, / 
= 82 Hz, 1 H), 7.62 (dd, 7.1, 1.4 1 H), 7.45 (dt, J= 6.9, 1 .7 Hz, 1 H), 723 (dt, J= 
5 6,7, 1.3 Hz, 1 H), 6.91 (dd, /= 4.4, 1.3 Hz, 2 H), 6.62 (s. 2 H), 4.81 (t, 7= 5.0 Hz, 2 H). 
3.82 (t, J- 5.0 Hz, 2 H), 2.38 (t, J= 7.6 Hz, 2 H), 3.28 (t, 7 « 6.1 Hz, 2 H), 1.64 (m. 2 H) 
IR(KBr) 3418, 3100. 1698, 1595, 1531, 1094, 767 cm^^ 
HRMS (EI) calcd for C20H21N5O (M*) 347.1746, found 347.1747 

10 Example 6 

l-[2'<3-Pytidin-2-ylpropoxy)ethyl]-lH-imidazo[4,5H;]qiim 




Part A 

Under a nitrogen atmosphere N.N-(bisbcnzyIoxycaibonyl)-l-[2-(2- 
15 propynyloxy)cthyl]-l/r-imidazo[4,5-c]qmnolin-4"amine (2.5 g, 4.68 mmol), anhydrous 
acetonitrile (20 mL), triethylamine (1.7 mU 12.2 mmoQ, and 2-bromopyridine (0.5 mL» 
5.14 mmol) were combined and ttie resulting homogeneous mixture was heated to 40^. 
Copper (I) iodide (0.036 ^ and dichlorobi8(tripheny]pliosphine)palladium(II) (0.066 g) 
were added. After 1 8.5 hodxs the reaction mixture was partitioned between ethyl acetate 
20 and aqueous sodium bicarbonate. The organic fraction was washed with brine, dried over 
magnesium sul&te and &en concentrated under reduced pressure. The residue was 
purified by column chronutography eluting witii 1/9 hexane/ethyl acetate to provide 0.9 g 
of a mixture of mono and di benzyloxycaibonyl protected l-(2-[(3-pyridin-2-ylprop-2- 
ynyl)oxy]ethyl}-lH-imidazo[4,5-c]quinolm-4-amine. 
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*H NMR (300 MHz, DMSOd6) 5 8.50-8.54 (m. 2 H), 8.44 (s, IH). 8.12 (m, 1 H), 7.71- 
7.77 (m, 3 H), 7.34-7.39 (m, 1 H), 7.23-7.29 (m, 7 H), 7.14-7.17 (m, 4 H), 5.19 (s, 4 H), 
5.01 (t, J= 4,6 Hz, 2 H), 4.46 (s, 2 H). 4.10 (t, J= 4.8 Hz, 2 H) 
MS (CI) for C36H29N5O5 m/z 612 (MH*), 568, 460 
5 PartB 

Palladium hydroxide (0.776 g of 20% on carbon) was added to a solution of Ac 
material firom Part A in methanol. The mixture was hydrogenated at 45 psi (3.2 K^cm^) 
for 2.5 hours. The reaction mixture was filtered to remove catalyst and die filter cake was 
thoroughly washed with methanol. The filtrate was concentrated under reduced piessure 

10 to provide a glassy solid. Thismaterial was trituxated with diethyl ether and hexane 

containing a small amount of toluene. The resulting powder was isolated by filtration and 
dried at 78**C overnight in a vacuum oven. This material was fiirther purified by column 
chiomatography eluting with 9/1 dichloromethane/methanol wifh a few drops of 
ammonium hydroxide to provide 25 mg of l-[2-(3-pyridin-2-y^opoxy)ethyl]-l/f- 

15 imidazo[4,5-c]quinolin-4-amine as a solid, m.p. 138-140**C. 

Analysis. Calculated for C2oH2iN30*(H20)i/5: %C, 68.43; %H, 6.15; %N, 19.95. Found: 
%Q 68.47; %H, 5.95; %N. 19.63 

*H NMR (300 MHz, DMS(>d6) 5 8.41 (d, 7= 4.4 Hz. 1 H), 8.16 (s, 1 H), 8.10 (d, J- 7.7 
Hz, 1 H), 7.63 (d, J- 8.4 Hz, 1 H). 7.54 (dt, J= 9.7, 1 .7 Hz, 1 H), 7.43 (t, J= 7.3 Hz. 1 
20 H), 7.24 (t, J= 7.5 Hz, 1 H), 7.13 (t, 7= 5.5 Hz, 1 H). 6.93 (d, 7= 7.6 Hz, 1 H). 6.59 (s, 2 
H). 4.77 (t, y = 5.1 Hz, 2 H), 3.82 (t, 7= 5.5 Hz, 2 H). 3.34 (t, 7= 6.3 Hz, 2 H). 2.57 (t, 7- 
7.3Hz,2H), 1.75 (m,2H) 

IR(KBr) 3361, 3302, 3188, 1638, 1526, 1119, 751 cm"* 

HRMS (EI) calcd for C20H21N5O (M*) 347.1746. found 347.1747. 
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Example 7 

l-{2-[3-(l 3-Thiazol-2-yl)propoxy]cthyl} -liy-imidazo[4,5-c]quinolm^ 




5 FaitA 

Under a mtrogen atmospheie NJ>l-<Bi8beiizy1oxycaxbonyl>>l>[2-<2* 
propynyloxy)etfayl]-lH-inudazo[4,S-c]qukolin-4-ainii^ (3.25 g, 6.08 nnnol), anhydrous 
N^-dunethylfonnamide (1 5 mL), trietfaylamine {22 mL, 15.8 mmol) and 2- 
bromothiazole (0.6 mL, 6.69 mmol) were combined and heated to 80*XZ. Copper (I) iodide 

10 (0.046 g) and dichlorobis(triphenylphosphine)palladi\mi (II) (0.085 g) were added. After 
2 hours &e reaction was stopped and the solvent was removed. The crude product was 
purified by column chromatography eluting with 8/2 ethyl acetate/hexane to provide -2 g 
of a mixture of mono and di benzyloxycazbony] protected l-(2-{[3-{l,3-tfaiazol-2-yl)prop- 
2-ynyl]oxy} e&yiy-lH-imidazo[4y5-c]quinolin-4-aimne. 

1 5 'H NMR (300 MHz, DMSO-d6) 5 8.47-8.50 (m, I H), 8,44 (s, 1 H), 8,1 1 (m. 1 H), 7.89 
(d, J= 3.2 Hz, 1 H), 7.85 (d, /= 3.3 Hz, 1 H), 7.3 1-7.77 (m. 2 H). 7.23-7.28 (m, 6 H), 
7.14-7.17 (m, 4 H), 5.20 (s, 4 H), 5.00 (t. J= 5.0 Hz, 2 H). 4.52 (s, 2 H), 4.09 (t, J « 5.5 
HZ.2H) 

MS (O) for C24H27N5O5S m/z 618 (MH*), 475, 466 
20 PaitB 

Palladium hydroxide (^-2 g of 20% on carbon) was added to a solution of the 
material fixnn Part A in methanol. The mixture was hydrogenated at 45 psi (3.2 Kg/ca?) 
for 3 hours. More catalyst (0.3 g) was added twice and the hydrogenation was continued 
for a total of -25 hours. The reaction mixture was filtered to remove the catalyst The 
25 filtrate was concentrated under reduced pressure to provide 1.3 g of mono 

benzyloxycarbonyl protected l-{2-[3-(13-Aiazol-2-yl)propoxy]ethyl}-l/r-imidazo[4,5- 
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c]quinolm-4-aiiiine. This material was combined wifli methanol (5 mL) and sodium 
mefhoxide (25 mL of 25% in methanol). Tlie resulting mixture was stirred for 3 days. 
The reaction mixture was concentrated under reduced pressure and then purified by 
column chromatography. The resulting material was triturated with diethyl ether and dried 
5 to provide 0.28 g of l-{2-[3-(1.3-thiazol-2-yl)propoxy]ethyl}-lH-imidazo[4,5-clquinolin- 
4-amine as a soHd, m.p. 134-13 5°C . 

Analysis. Calculated for C18H19N5OS: %C. 61.17; %H, 5.42; %H 19.81. Found: %C, 
61.20; %H. 5.23; N,%19.51 

'H NMR (300 MHz, DMS0-d6) 5 8.16 (s, 1 IT), 8.10 (d, 8.4 Hz, 1 IQ, 7.63 (ni, 2 H), 
10 7 Jl (d. J= 3.3 Hz. 1 H), 7.43 (t. J- 7.1 Hz, 1 H), 723 (t. J« 8.0 Hz, 1 H), 6.58 (s, 2 H). 
4.79 (t, /= 4.7 Hz, 2 H), 3.84 (t. 7= 4.8 Hz, 2 H), 3.4 (t, J« 6.0 Hz, 2 H). 2.86 (t, J= 7.8 
Hz,2H),1.83(m,2H) 

IR(KBr) 3458,3358,3295, 3191, 1640, 1538, 1121, 752 cm'^ 
HRMS (EI) calcd for CisH^NsOS (M*) 353.1310, found 353.1308. 



15 



Exampte 8 

l-[2-(3-Pyridin-3-ylpropoxy)ethyll-lJy-imidazo[4,5-c]quinoli^ 
Bis(trifluoioacetate) 




20 PartA 

Under a nitrogen atmosphere N.N-(bis /ert-butyoxycabonyl)-l-[2-(2- 
propynyloxy)ediyl]-li/-iinida2o[4,5-c]quinolin-4-aniine (1.75 g, 3.75 mmol), 3- 
iodopyridine (0.85 g, 4.13 mmol), trie%lamine (1.4 mL) and acetonitrile (15 mL) were 
combined and then heated to 60"C. Copper (I) iodide (0.03 g, 0.15 mmol) and 
25 dichlorobis(triphenylphosphine)palIadium (H) (0.05 g, 0.075 mmol) were added. The 
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reaction was complete aiter 30 mixmtes. The solvents were lemoved under reduced 
pressure. The crude product was purified by column chromatography (silica gel eluting 
&8t with dichloromethane and then with 98/2 dichloromethane/metbanol) to provide 126 
g of a mixture of di-BOC protected and improtected l-{2-[(3-pyridin-3-ylprop-2- 

5 ynyl)oxy]ethyl}-l/r-imida2o[4,5-c]quinolm-4-aniine. 

NMR (300 MHz, DMS0-d6) 5 8.54 (bs, 1 H). 8.44-8.48 (m, 2 H), 8.4 (s, 1 H), 8.06 
(m, 1 H), 7.69-7.73 (m, 2 H), 7.54 (d, J= 7.6 Hz, 1 H), 7.35 (m, 1 H), 4.99 (t, y = 4.8 Hz, 
2 H), 4.40 (s, 2 H), 4.09 (t, J= 5.0 Hz, 2 H), 1.31 (s, 18 H), 
MS (CD for C30H33N5O5 m/z 544 (MH*). 444, 344 

10 PaitB 

A solution of the material fioin Part A in methanol was combined wi& catalyst 
(0.7 g of 10% palladium on carbon) and tiie mixture was l^rdrogenated at 45 psi (3.2 
Kg^cm^) for 2 hours. The catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure to provide 0.67 g of a mixture of di-BOC protected 

15 and unprotected l-[2-(3-pyridin-3-ylpropbxy)ethyll-li/-imidazo[4,5-c]qumolin'4-amm 
*H NMR (300 MHz, DMS0-d6) 5 8.50 (d, 7 J Hz, 1 H), 8.39-8.486 (m, 2 H). 8.29 (s, 
1 H), 8.07 (d, y = 8.4 Hz, 1 H), 7.71-7.75 (m, 2 H), 7.46 (d. J = 8.5 Hz, 1 H), 7.31 (m, 1 
H), 4.94 (t. J= 4.6 Hz, 2 H), 3.88 (t, J= 5.0 Hz, 2 H), 3.32 (t, 7- 5.9 Hz, 2 H), 2.38 (t,7= 
7.5 Hz, 2 H), 1.63 (m, 2 H), 1 JO (s, 18 H), 

20 MS (CI) for C30H37N5O5 m/z 548 (MH*), 448, 348 
Parte 

Under a nitrogen atmosphere the material firom Part B was combined with 
anhydrous dichloromethane (5 mL) and trifluoroacetic acid (5 mL). The reaction mixture 
was stirred at ambient temperature for I br. The solvents were removed under reduced 
25 pressure. The residue was triturated with diethyl ether, isolated by filtration and then dried 
in a vacuum oven to provide a tan solid. This material was recrystallized first finom 
isopropyl alcohol and tiien from dichloromethaneteetfaanol to provide 0.40 g of H2-(3* 
pyridin-3-ylpiopoxy)cfliyl]-l/f-iinidazo[4^K:]quinolin-4-amirM bis(trifluoroacetate), m.p. 
134-136^. 

30 Analysis. Calculated for C2oH2iN50*(C2HF302}z*(H20)i/2: %C, 50.08; %H» 4.23; »/oN, 
12.03. Found: %C. 49.87; %H, 3.82; %N. 12.16 
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'H NMR (300 MHz, DMS0-d6) 5 9.00-9.25 (bs, 2 H), 8.50 (s, 2 H), 8.37 (d, J = 7.7 Hz. 1 
H), 7.82 (d, J- 7.4 Hz, I H), 7.73-7.75 (m. 2 H), 7.55-7.58 (m, 2 H). 4.90 (t, /= 4.9 Hz, 2 
H). 3.86 (t, 4.8 Hz, 2 H), 3.35 (t, J= 6.1 Hz, 2 H), 2.49 (t. J- 7.0 Hz, 2 H), 1 .67 (m, 2 
H) 

5 IR(KBr) 3421, 3212, 2885, 1699, 1199. 1120, 720 cm*^ 

HRMS (EI) calcd for CaoHiiNsO (M*) 347.1746, found 347.1743. 

Example 9 

l.[2-(3-Pyriimdm-5-yIpn)poxy)ctibyl]-l/^ 




Part A 

Using tiic general method of Example 8 Part A, except that the reaction 
temperature Was raised to 80°C, N.N-{bis rerr-butyoxycabonyi)-l-[2-(2- 
propynyloxy)ethyl]-li/-imidazo[4.5-c]quinolin-4-amine (2.5 g. 5.36 mmol) was coupled 
15 with 5-bromopyrimidine (0.94 g. 5.89mmol) to provide 1 .59 g of N^T-(bis tert- 
butoxycaibonyl)-l-{2-[(3-pyrimidin-5-ylpr6p-2-ynyl)oxy]eti^l}-l/^^ 
c]q[uinolin-4-anune. 

»HNMR (300 MHz. DMSO-d6) 6 9.19 (a. 1 H), 8.64 (s. 2 H), 8.44-8.47 (m, I H). 8.40 (s. 
1 H). 8.02-8.06 (m. 1 H). 7.68-7.72 (m, 2 H), 4.99 (t, 7« 5.0 Hz, 2 H), 4.43 (s, 2 H), 4.10 
20 (t, / « 5 .2 Hz. 2 H). 1 .32 (8, 1 8 H) 

MS (CI) for Ci9H32Nd05 m/z 545 (MH*), 445. 345 
PartB 

A metiianol solution of ^e material from Part A was combined with catalyst ( 5% 
platinum on caibon. palladium hydroxide and 10% palladium on carbon werp used in 
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succession) and hydrogenated to provide 0.60 g of NJ^-(bis 2ert-butoxycaibonyl}-l-[2-(3- 
pyrimidin-5-y1prcpoxy)ethyl]-lff-iizudazo[4,5-c]quinoI]n'4-a^^ 
*H NMR (300 MHz, DMSO-d6) 5 8.98 (s, 1 H), 8.48-8.52 (m, 1 H), 8.45 (s, 2 H), 8.40 (s, 
1 H). 8.06-8.09 (m, 1 H), 7.70-7.74 (m, 2 H), 4.94 (t, 7= 5.1 Hz, 2 H), 3,89 (t. 7= 5.0 Hz. 
5 2 H). 3.34 (m, 2 H), 2.34 (t, 7= 7.3 Hz, 2 H), 1.64 (m, 2 H), 1.29 (s, 18 H) 
MS (CI) for C29H36N6O5 m/z 549 (MH*). 449, 349 
Parte 

Using the general method of Example 8 Part C, the material &om Part B was 
hydrolyzed to provide 0.14 g of l-[2-{3-pyrimidin-5-ylpropoxy)ethyl]-l/f-imida2o[4,5- 
10 c]quino]in-4-amine, in.p. 159-161^. 

Analysis. Calculated for Ci9H2oN60*(C2HF302)i/io»(H20)i/4: %C. 63.27; %H. 5.70; %N, 
23.06. Found: %C, 63.47; %H, 535; %N. 22.88 

'H NMR (300 MHz, DMS0-d6) 5 8.98 (s, 1 H), 8.48 (s* 2 H), 8.19 (s, I H), 8.15 (d, 
8.0 Hz, 1 H), 7.63 (d, 7- 8.6 Hz. 1 H), 7.46 (t, 7= 6.0 Hz, 1 H), 7.28 (t, J= 8.4 Hz, 1 H), 
15 6.79 (s, 2 H), 4.81 (t, 7= 4.8 Hz, 2 H), 3.84 (t, 7= 5.1 Hz, 2 H), 3.35 (t, 7= 6.0 Hz, 2 H), 
2.43 (t,7= 7.4 Hz, 2 H). 1.69 (m. 2 H) 
IR(KBr)3310. 3132, 1647, 1582, 1531, 1403, 1117 cm-* 
HRMS (EI) calcd for CisUMO (M*) 348.1699, found 348.1695 
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Example 10 

l.(2-[(l-Beiizyl4H4A3-triazol-4-yl)methoxy]ethyl}-lH-iniid^ 

amine hydrochloride 
^{2-[(l-Ben2^l-l/^l,2^-t^iazol-5-yl)methoxylethyl}-lf^-imidazot4,5 

amine hydrochloride 

1 






PartA 

NJ^-(BisbenzyloxycaibonyI)-l<2<2-propynyloxy)elhyl]-W-im 
10 cJquinolin-4-amine (L5 g, 2.81 mmol), anhydrous toluene (30 mL) and benzyl azidc (1.3 
mL. 9.12 mmol) were combined and heated in an oil bath at 100*»C for 28 hours. The 
reaction mixture was concentrated under reduced pressure to provide crude product as a 
brown oil. 
Parts 

15 Sodium methoxide (2.19 mL of 25% in methanol 9.52 mmol) was added to a 

mixture of the material fiom Part A and methanol (20 mL). The reaction mixture was 
allowed to stir at ambirat temperature overnight and then it was concentrated under 
reduced pressure to piovido a dark oil. TTie oU was purified by column chromatography 
eluting with 5% methanol in dichloromctfaano to provide a light yellow oil. The oil was 

20 treated witii 1 .0 M hydrogen chloride to provide a pink solid This solid was recrystallized 
twice fiom acctonitrilc and the resulting product was dried in a vacuum oven at 80°C for 2 
hours to provide 0. 12 g of a mixture of the reg^o isomers of tiie desired product i.e. a 
mixture containing both l.{2>[(l-benzyHfM A3-triazol-4-yl)metfioxy]ethyl}-lH- 
imidazo[4,5-clquinoline-4-amine hydrochloride and l-{2-[(l-benzyH/r-1.2,3-triazol-5- 
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yl)methoxy]ethyl}-lif-iimdazo[4,5<]quinoIme-4-ainine hydrocbloiide, as a light pink 
crystalline solid, m.p. 209-21 TC. 

Analysis: Calculated for C22H21N7O • 0.951 HCl • 0.615 H2O: %C, 59.35; %H, 5.25; %N, 

22.02; Found: %C, 59.46; %H, 5.16; %N. 22.05. 
5 *H-NMR (300 MHz. DMS0-d6) 5 9.00 (br s, 2 H), 8.46 (s, 1 H), 8.28 (d, J=7.8 Hz, 1 H), 

7.98 (s. I H), 7.83 (br d, J=7.8 Hz, 1 H), 7.71 Cbr t, J=7,8 Hz, 1 H), 7,50 (br t. J=7.7 Hz, 1 

H) 7.20-7.40 (m, 5 H), 5.52 (s, 1.88 H), 5.39 (s, 0.12 H), 4.88 (t, J=4.9 Hz, 2 H), 4.52 (s, 2 

H), 3.95 (t, J-4.9 Hz, 1.88 H), 3.87 (t, J=-5.1 Hz, 0.12 H) 

IR (KBr) 3152, 2638, 1672, 1605, 1126 cm'' 
10 HRMS OEI) calcd for C22H21N7O (M*) 399.1808, found 399.1802. 



Example 11 

l-[2-({l-[(Phenylsultoyl)me%l]-l/f-l,2,3-triazol-4-yl}mcAoxy)eth 

<:]quinoline-4-aminc , 
15 l.[2-({l-[ffhenylsulfenyl)methyl]-lH4,2.3-triazol-5-yl}medioxy)et^^^ 

c]quinolme-4-amine 




PartA 

Under a nitrogen atmosphere, anhydrous toluene (20 mL), N,N-(bis tert- 
butoxycarbonyl>l-[2-(2-pIopynyloxy)ethyl]-li^imida2o[4,5-c]quinolin-4-amine (1.0 g, 
2.1 mmol) and azidomethyl phcnylsulfide (0.61 mL, 4.3 mmol) were combined and heated 
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at reflux for 72 hours. The reaction mixture was allowed to cool to ambient teix^)erature 
and dien it was concentrated under reduced pressure to provide a brown oE. This material 
was purified by column chromatography eluting with 80/20 ediy) acetate/hexane to 
provide 0.95 g of product as a clear oil. 
5 MS (CI) for C32H37N7O5S m/z 632 (MH+). 532, 458. 432 
Parte 

A solution of the material from Pait A in anhydrous dichloiomethane (15 mL) was 
added to a mixture of trifluoioacetic acid (7.4 mL) and anhydrous dicbloromethane (6 mL) 
which had been chiUed to 0*^. The reaction mixture was kept in an ice bath tor 2 hours 

10 and tiien aUowed to wann to ambient temperature. Afier 6 hours die reaction mixture was 
washed with 20% sodium hydroxide. The aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water, dried over 
magnesium sulfate, filtered and then concentrated under reduced pressure to provide a 
green oil. The oil was purified by column chromatography eluidng with 5% methanol in 

15 dichloromethane to provide a green crystalline solid. This material was recrystallized 

from isopropanol to provide 0.12 g of a mixture of the regio isomers of the desired product 
Le. a mixture contaming bodi l-[2-({l-t(phenylsulfanyl)methyl]-lff-l A3-triazol-4- 
yl}methoxy)ethyll-l//-imidazo[4,5-c]quinoline-4-amine and l-[2-({l- 
[(phenylsulfanyl)methyl]-l/^U,3-triazol-5-yl}melhoxy)edlyl^l/r-i^ 

20 c]quinoline-4-amine, as an off-white solid, m.p. 1 82-1 84^C. 

Analysis: Calculated for C22H2iN70S: %C. 61.24; %H. 4.91; %N, 22.72; Found: %C, 
60.94; %H, 4.94; %N, 22.38. 

'H-NMR (300 MHz, DMS0-d6) 5 8.00-8.20 (m, 2 H), 7.87 (s, 0.8 H). 7.60-7.65 (m, 1 H), 
7,52 (s, 0.2 H), 7.40-7,50 (m, 1 H), 7.20-7.40 (m, 6 H), 6.65 (s, 2 H), 5.87 (s, 1.6 H), 5.65 
25 (s, 0.4 H), 4.83 (br t, J=4.6;Hz, 0.4 H), 4.78 (br t, J=4.9 Hz, L6 H), 4.49 (s, 1.6 H), 4.42 (s, 
0.4 H), 3.80-3.90 (in,2H) 
IR (KBr) 3322, 3205, 1643, 1527, 1095 cm"* 
HRMS (EI) calcd for C22H21N7OS (M*) 431.1528, found 431.1522. 
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Example 12 

l-[2'<Ben2o[b]fuian-2-ylmethoxy)ethyl]-l/f-iinidazo[4^-c]q^ 




Part A 

5 Bcnzyltrimethylammonium chloride (0.436 g) and propargyl bromide (6.07 mL of 

80%) were added with stitiing to a mixture of dichlorometfaane (185 mL) and aqueous 
sodium hydroxide (60 mL of 50%). 2*(l/f-Imidazo[4,5-^]quinolin-l-yl)ethanol (10.0 
46.9 mmol) was added to the resulting solutioa The reaction mixture was stuied at 
ambient temperature for 21 hours at which time analysis by HPLC showed that starting 

10 material remained. An additiosid equivalent of propaigyl bromide was added and Ihe 

reaction mbcture was stirred for an additional 46 hours. Water was added to the reaction 
mixture and the layers were separated. Tbt aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water and with 
brine, dried over magnesium sul&te and then concentrated under reduced pressure to 

1 5 provide a dark brown solid. This material was purified by flash chromatography (silica 
gel eluting with 5% metiianol in dichloromethane) to provide 7.0 g of l-[2- 
propynyloxy)ediyl]-l/f-iinidieizo[4,5-c]quinoline as a brownish solid. 
PartB 

Under a nitrogen atmosphere, 1 -[2-(propynyloxy)cthyl]-lH-imidazo[4,5- 
20 c]quinolino (1.0 g, 4.21 mmol), triethylamine (1.53 mL, 10.96 mmol) and anhydrous 

acetonitrile (20 mL) were combined and then heated to 60*C. 2-Iodophenol (1.02 g, 4.63 
mmol), copper (I) iodide (0.08 g) and dichlorobis(triphenylphosphine)palladmm(II) (0.148 
g) were added After 4 hours analysis by TLC (5% methanol in dichloromethane) 
indicated that the reaction was complete. The reaction mixture was filtered ttrougih a 
25 layer of Celitc® filter aid to remove the catalysts. The filtrate was concentrated under 
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lediiced pressure to provide an oil. This material was purified by flash chromatography 
(silica gel eluting with 3% methanol in dichloromethane) to provide 0.91 g of l-[2- 
(benzoIb]fteui-2-ylmethoxy)ethyl]-lH-imidazo[4,5-c]quinoUne as a yellow oil. 

Parte 

5 3-Chloroperoxybenzoic acid (0.65 g) was added in portions over a period of 5 

minutes to a solution of the niaterial from Part B in chloroform (15 mL). The progress of 
the reaction was monitored by TLC. More 3-chloropcroxybenzoic acid (2 X 02 g) was 
added. After 1 .5 hr tihe reaction mixture was washed twice with aqueous sodium 
bicarbonate, back extracted with chloroform, washed with brine and then concentrated 

10 under reduced pressure to provide l.[2-(benzo[b]furan-2-yhnetiioxy)ethyl]-l/f- 

imidazo[4,5-c]quinoline-5N-oxide. The material was stored under nitrogen at a reduced 

temperature over ttxe weekend. 

FartD 

Under a nitrogen atmosphere, trichloroacetyl isocyanate (0.60 g, 3.18 mmol) was 
1 5 slowly added via a syringe to a solution of the N-oxide from Part C in dichloromethane 
(15 mL). The volatiles were removed under reduced pressure to provide 2,2,2-trichlpro- 
{l-[2-(benzo[b]furan-2-ylmethoxy)e%l]-lif-nnidazo[4,5-c]qum^ as a 

tan solid. This material was dissolved in methanol (15 mL). Sodium methoxidc (2.04 mL, 
9.01 mmol) was added and the resulting solution was allowed to stir for 48 hours. A white 
20 precipitate was isolated by filtration and then recrystallized from acetonitrile to provide 

022 gof l-[2-(benzo|>]fiu^-2-ylmethoxy)ethyl]-lif-iniidazo[4,5-c]q as 
off-white needles, m.p. 201-203X. 

Analysis: Calculated for C21HJ8N4O2: %C. 70.38; %H, 5.06; %N, 15.63; Found: %C, 
70.36; %H, 4.80; %N 15.51. 
25 ^H-NMR (300 MHz, DMS0-d6) 5 8.16 (s, IH), 8.06 (d. /= 7.8 Hz, IH), 7.49-7.62 (m, 
3H), 7.42 (m, IH). 7.16-7.31 (m, 3H), 6.76 (s, IH), 6.58 (br s. 2H), 4.83 (t, J» 5.4 H2, 
2H), 4.61 (s. 2H), 3.97 (t, 5.1 Hz, 2H) 
IR (KBr) 3455, 3069, 1583, 1530. 1397. 1254, 1088 
HRMS (EI) calcd for C21H18N4O2 (M^ 358.1430, found 358.1428. 
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Example 13 

1 -[2-(Pyridin-3-yImethoxy)e%ll-lH-iinidazo[4,5-c] Hydrochloride 




PartA 

5 Under a nitrogen atmosphere, sodium hydride (16.88 g of 60% in mineral oil, 422 

mmol) was added in portions to a solution of 2-(l/f-imidazo[4,5-c]qumolin-l-yl)ethanol 
(60.0 g, 281 mmol) in anhydrous N,N-dime%lfonnamide (600 mL). The alkoxide was 
allowed to stir for about 1 .5 hours. Benzyl bromide (502 mL, 422 mmol) was slowly 
added over a period of about 30 minutes. The reactionmixturb was allowed to stir at 

10 ambient temperature overnight Solvent was removed under reduced pressure. The 

residue was taken up in ediyl acetate, washed several times with water, washed with brine, 
dried over magnesium sulfate and then concentrated under reduced pressure to provide 1- 
(2-(benzyloxy)cthyl]-ljy-imida2o[4,5-c]quinoline as a dark oil. 

^H-NMR (300 MHz, DMSO-d6) 5 922 (s, IH), 8.42 (s, IH). 8.40 (s. IH). 8.17 (m, IH), 
15 7.69 (m. 2H), 7.10-722 (m. 5H), 4.95 (t, /= 5.1 Hz, 2H), 4.45 (s, 2H), 3.93 (t, 7= 5.1 Hz, 
2H) 

MS (CT) for CijHnNsO m/z 304 (MH*), 214 
PartB 

3-Chloropcroxybenzoic acid (69.36 g of 77% maximmn) was added in portions 
20 over a period of 1 5 minutes to a solution of 1 -[2-(bcnzyloxy)ethyl] -li?-imida2o[4,5- 

c]quinoKne (85.36 g, 281 mmol) in chloroform (800 mL). After 1 hour analysis by TLC 
(10% medianol in dichloromethane) showed that the reaction was complete. The reaction 
mixture was washed witti saturated sodium bicaibonate (twice), washed widi brine, dried 
over magnesium sul&te and then concentrated under reduced pressure to provide a solid. 
25 The solid was slunied witii dlcfhyl ether and then isolated by filtration to provide l-[2- 
(benzyloxy)ediyl]-l/f-imidazo[4,5-c]quinoline-5N-oxide as a dark yellow solid. 
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Parte 

Phosphorous oxychloride (12.84 inL, 138 mmol) was slowly added to a mixtuie of 
l-[2«<beiizyloxy)ethyll-lH-inudazo[4,5-c]qumolme-5N-K)^^ (40.0 g, 125 mmol) and 
anhydrous toluene (600 mL). The reaction mixture was allowed to stir for about 30 

5 minutes and &en the volatiles were removed under reduced pressure. The resulting red oil 
was dissolved in dichloromethane, washed twice with saturated sodium bicarbonate, and 
then concentrated under reduced pressure. An attempt to reciystallize the residue from 
ethyl acetate resulted in a gum. The material was taken up in ethyl acetate (500 mL) and 
. then combined with triethylamine (2534 g, 250 mmol). The solution was chilled in an ice 

10 bath and the precipitate was isolated by filtration. The material changed back into an oil 
shortly after filtiatiorL The oil was taken up in dichloromeftane, combined wilh the 
filtrate and then concentrated under reduced pressure to provide an oiL This material was 
partitioned between dichloromefhane and 15% sodium hydroxide. The organic fraction 
was washed with brine, dried over magnesium sxilfete and then concentrated under 

15 reduced pressure to provide an oil. This oil was fiirther purified by flash chromatography 
(silica gel eluting first with dichloromethane, tiien with 2% methanol in dichloromethane 
and then with 5% methanol in dichlorometiiane) to provide -21 g of l-[2- 
(ben2yloxy)ctiiyl]-4-chloro-lH-imidazo[4,5-c]quinoline. 

>H-NMR (300 MHz. DMS0-d6) 5 8.47 (s, IH). 8.42 (dd, 7= 8.3. 1.5 Hz. IH). 8.08 (dd. J 
20 =8.3. 1.5Hz, lH).7.72(m,2H). 7.04-7.17 (m,5H),4.96(t.J=5.1 Hz, 2H), 4.44 (s. 2H). 
3.92 (t.y=5.lHz.2H) 

MS (CI) for C19H16CIN3O m/z 338 (MH*), 309, 248, 214 
PartD 

Phenol (6^1 g. 66 mmol) was added in portions to a chilled suspension of sodium 
25 hydride (2.79 g of 60% in mineral oil, 69.7 mmol) in diglyme (25 mL). When bubbling 
had subsided, a solution of the material from Part C in diglyme (10 mL) was added in a 
single portion. The resulting solution was heated to 1 lOX! and stirred overnight. Analyas 
by TLC (3% methanol in dicWoromethanc) indicated ftat the reaction was complete. The 
solution was cooled to 0°C and a brown precipitate formed. The diglyme was decanted 
30 off. The solid was slurried wi& hcxane and Aen isolated by filtration. The solid was then 
slurried witii water, isolated by filtration and dried in an oven overnight The solid was 



64 



wo 02/46193 



PCT/US01/46704 



lecrystalKzed ftom isopropanol to provide 19.3 g of l-[2-(benzyloxy)ethyll-4-phenoxy- 
l/f-iinidazo[4,5-c]qumolme as a solid. 

»H-NMR (300 MHz, DMS0-d6) 6 8.39 (s, IH), 8.32 (dd, 7 = 8.3, 1 .5 Hz. IH), 7.69 (dd, J 
= 8.3. \5 Hz, IH), 7.46-7.59 (m, 4H), 7.12-7.33 (m, 8H), 4.93 (t, 7 = 5.1 Hz, 2H), 4.47 (s, 
5 2H),3.94(t.y=5.1Hz,2H) 

MS (CI) for C25H21N3O2 m/z 396 (MH*), 306, 288 
PaitE 

Under a nitrogen atmosphere, triflic acid (29.0 g) was added dropwise to a solution 
of l42<benzyloxy)etiiyl]-4-phenoxy4/^iinidazo[4,5-c]quinoline (7.65 g) in anhydrous 

10 dichloromcthane (200 mL). When analysis by TLC (5% methanol in dichlotomethane) 
indicated ^t &e reaction was complete, fte reaction mixture was concentrated under 
reduced pressure to provide an oil. This material was dissolved in ethyl acetate and then 
combined with trieAylamine (10 eq.). The solution was dihited with additional ethyl 
acetate, washed with water, washed with brine, dried over magnesium sulfate and then 

15 concentrated under reduced pressure. The residue was recrystallized fi:om ethyl acetate to 
provide -4.8 g of 2-(4-phenoxy-li/-imidazo[4,5-c]quinolin-l-yl)ethanol as a white fluffy 
solid. 

*H-NMR (300 MHz. DMS0-d6) 5 8.34 (m, IH). 8.32 (m, IH), 7.70 (m, IH). 7.46-7.60 
(m. 4H). 7.25-7 Jl (m. 3H), 5.06 (t, J- 5.4 Hz, IH). 4.76 (t. J« 5.4 Hz. 2H). 3.90 (q, 
20 5.4Hz,2H) 
PartF 

3-(Bromomethyl)pyridine hydrobromide (0.638 g. 2.52 mmol) was added in a 
single portion with stirring to a solution containing 2-(4-phenoxy-l/f-imidazo[4,5- 
c]quinolin-l-yl)ethanol (0.7 g, 2.29 mmol), benzyltrimethylammonium chloride (-0.03 g), 

25 sodium hydroxide (28 mL of 50%) and dichloromethane (28 mL). After 3 hours analysis 
by TLC (5% methanol in dichloromethane) indicated djat the reaction was complete. The 
reaction mixture was diluted with water (100 mL) and dichloromethane (100 mL). The 
layers were separated and flie aqueous fraction was extracted with dichlorome&ane (100 
mL). The organic fractions were combined, washed with brine, dried over magnesium 

30 suifete and tiicn concentrated under reduced pressure to provide a dark yeUows^^ This 
material was purified by flash chromatography (silica gel eluting with 5% meflianol in 
dichloromethane) to provide 0.74 g of 
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4-phcnoxy-142-<pyridm-3-ylmcthoxy)e%l]4H-iinid^ as a bright 

' yellow solid. 

'H-NMR (300 MHz, DMSCW5) 8.42 (dd, J= 4.9, 2.0 Hz, IH), 8.38 (s, 2H), 8.33 (dd, /= 
83, 1.5Hz, lH),7.70(dd,J=8.3, 2.0 Hz, IH), 7.46-7.59 (m, 5H), 7.22-7.33 (m, 4H), 
5 4.96 (t, J= 4.9 Hz, 2H), 4.52 (s, 2H), 3.98 (t, 7 = 4.9 Hz, 2H) 
MS (CI) for C24H20N4O2 m/z 397 (MH*), 306, 288. 212, 110 
PartG 

4-Phenoxy-l-[2-(pyridm-3-ylmethoxy)ethyl]-l/f-iiiudazo[4,5-c]qi^ (0.67 g, 
1 .69 mmol) and ammonhim acetate (1 .30 g, 16.9 mxnol) were combined and heated to 

10 150°C. After 5 hours analysis by TLC (10% me&anol in dichlorometfaane) showed 

starting material. More ammonium acetate (5 g) was added. After 1 hour TLC indicated 
that reaction was complete. The reaction mixture was allowed to cool to amlnent 
temperature overnight The resulting brown oil was combined with water (100 mL) and 
made basic (pH 9) witii sodium bicarbonate. The product was extracted into 

15 dichloromethane (2 X 100 mL). The extracts were combined, washed with brine, dried 
over magnesium sul&te and then concentrated under reduced pressure to provide an off- 
white gummy solid. This material was purified by flash chromatography (silica gel 
eluting with 1 0% methanol in dicUoiomediane) to provide 0.40 g of a giimmy white solid. 
This material was dissolved in methanol (10 mL). Hydrogen chloride/die%l ether (5 eq) 

20 wasaddeddropwiseandthemixturewasallowedtostirfor 1 hour. The resulting 

precipitate was isolated by filtration, rinsed with diethyl ether and dried in a vacuum oven 
to provide 0.358 g of l-[2-(pyridin-3-yhncthoxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4- 
amine hydrochloride as a light yellow solid, m.p. 229-23 1°C. 
Analysis: Calculated for CisHnNjO • 2.75 HCI • 0.4 H2O: %C, 50.62; %H, 4.85; %N, 

25 16.40; Found: %C, 50,44; %H, 4.96; %N, 16.19. 

'H-NMR (300 MHz, DMSb^ 8 8.78 (d, /= 5,4 Hz, IH), 8.71 (s, IH), 8.56 (s, IH), 
8J4 (d, J= 8.3 Hz, IH), 8.26 (d,y- 7.8 Hz. IH), 7.90 (dd, /- 7.8, 5.9 Hz, iH), 7.84 {6, J 
- 83 Hz, IH), 7.72 (t, J'^ 7.8 Hz, IH), 7.54 (t, J- 7.8 Hz, IH), 4.98 (t, J" 4.9 Hz. 2H), 
4.69 (s, 2H), 4.04 (t, y- 4.9 Hz, 2H) 

30 MS (CI) for CiiHi7NsO • HCl(i • %0<i«) m/z 321 (MH*), 229. 
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l-[2-(Pyridm-2-ylmethoxy)e1iiyl]-lH-inuda2o[44-c]qu^ 




5 PaitA 

Using the general method of Example 13 Part F, 2-(4-phenoxy-l/f-imida2o[4,5- 
c]qmnolin-l-yl)cthanol (0.9 g, 2.95 mmol) was reacted with 2-picolyl chloride hydrogen 
chloride (0.53 g, 3.24 mmol) and the product purified to provide 0.65 g of 4-phenoxy-l- 
[2-(pyndin*2-ylme&oxy}e1hy]]*l/f-]midazo[4,5^]qainol^^ 
10 'H-NMR (300 MHz, DMS0-d6) 8.41 (m. 2H), 834 (dd. 7 = 8.3, 1 .5 Hz, IH), 7.70 (dd, J 
« 8.3, 1.5 Hz, 2H), 7.46-7.66 (m, 5H), 7.18-7.33 (m. 4H). 730 (d, 7= 7.8 Hz, IH). 4.98 (t, 
7=4.9 Hz. 2H), 4.55 (s, 2H), 4,04 (t,7» 4.9 Hz, 2H) 
PartB 

The material from Part A and ammonium acetate were combined and heated to 
15 1 SO^'C. After 5 hours analysis by TLC (10% methanol in dichloromethane) indicated that 
the reaction was complete. The reaction nuxture was allowed to cool to ambient 
temperature, flien it was combined wifli water (100 mL) and made basic (pH 9) with 
sodium bicarbonate; The resulting white precipitate was isolated by filtration and then 
slurried with diethyl ether. The resulting white solid was isolated by filtration and tben 
20 rccrystalHzed from acctonitrile to provide 0.18 g of l-t2-(pyridin-2-ylmeftoxy)ethyl]-l/f- 
imidazo[4,5-c]quinolin-4-aminc as a white solid, m.p. 196-1 98'*C. 
Analysis: Calculated for CeHnNjO: %C, 67.70; %H. 537; %N, 21.93; Found: %C, 
67.86; %H, 531; %N, 22.13. 

^H'-NMR (300 MHz, DMS0^6) 5 8.43 (d, 7= 4.9 Hz, 2H), 8.20 (s, IH). 8,09 (d, 7= 6.8 
25 Hz. IH), 7.63 (dt,7» 8.3, 1.5 Hz, 2H), 7.43 (dt,7= 83, 1.5 Hz, IH), 7.19-7.24 (m, 2H). 



67 



wo 02/46193 



PCTAJS0l/467()4 



7.12 (d, /=7.8 Hz, IH), 6.53 (br s, 2H), 4.87 (t, J= 5.1 Hz, 2H), 4.54 (s, 2H). 3.99 ft 
5.1Hz,2H) 

MS (CI) for CisHnNjO m/z 320 (MH*), 229, 21 1 . 

5 Example 15 

l-[2-(Pyridin-4-ylmethoxy)ethyl]-l/f-imida2o[4,5-c]quinolm-4^ 




PartA 

10 Using ibt general method of Example 13 Paxt F, 2-(4^henoxy-l/r-miidazo[4,5- 

c]qumolm*l-yl)efhanol (1.1 g, 3.61 mmol) was reacted widi 4-pico1yI chloride hydrogen 
chloride (0.649 g, 3.96 mmol) and tfie product purified to provide '-0.3 g of 4-pheiK>xy-l- 
[2-(pyridin-4-ylmethoxy)ethyl]-lif-imidazo[4,5-c]quinoline. 

*H-NMR (300 MHz, DMS0-d6) 8 8.41 (3. IH), 8.39 (s, IH), 8.34 (dd, J= 7.8, 1.5 Hz, 
15 2H). 7.70 (dd, y = 7.8. 1.5 Hz, IH), 7.46-7.60 (m, 4H), 725-7.33 (m, 3H). 7.10 (d, 5.9 
Hz, 2H), 5.00 (t, 7= 4.9 Hz, 2H). 4.53 (s, 2H), 4.00 (t, 7= 4.9 Hz. 2H) 
MS (CI) for C24H20N4Q2 m/z 397 (MH*). 306, 288, 212, 1 10 
PartB 

Using the general mediod of Example 14 Part B, 4^henoxy-l-[2-(pyridiii-4- 
20 yhnethoxy)ethyl]-l/f-imidazo[4,5-c]quinoline (0.25 g) was aminated to provide 0.14 g of 
H2-(pyridin-4-ylmeflx]Ky)etfayl]-lfr-imidazo[4,5-c]quin^ as a soHd, m.p. 159- 

161^:. 

Analysis: Calculated for CigHnNsO: %C, 67.70; %H, 5.37; %N, 21.93; Found: %C, 
67.37; %H, 5.31; %N, 22.49. 
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•H-NMR (300 MHz, DMSO-dfi) 8 8.40 (dd, J= 4.4. 1.5 Hz. 2H). 8.20 (s, IH), 8.09 (d,/= 
8.3 Hz, IH). 7.62 (d, J= 8.3 Hz, IH), 7.43 (m, IH), 7.21 (m, IH), 7.10 (d, /=5.4 Hz, IH), 
6.54(br8, 2H).4.87(t,y-5.1Hz,2H),4.5l{s,2H).3.94(t.y=5.1Hz,2H) 
MS (CI) for CiHnNsO m/z 320 (MH*), 229, 136 

Example 16 

l-{2-[(3,5-Dimethylisoxazol-4-yl)mcflioxyletlryl}- 
lH-iniidazo[4,5-c]quinolin-4-ainiiie 
NH, 




10 

PaitA 

Using tiie general method of Ewiinple 13 PartF, 2-(4-i*enoxy-Lff-iinidazo[4,5- 
cJquinblin-l-yOethanol (0.82 g. 2.69 mmol) was reacted wifli 4-(chloromcthyl)-3.5- 
dime&ylisoxazole (0.43 g. 2.95 mmol) and purified to provide 0.59 g of l-{2-I(3,5- 
15 dimethylisoxazol-4-yl)methoxy]ethyl}^phenoxy4H-imidazo[4,5H:humolH^ as a white 

foamy solid. 

'H-NMR (300 MHz, DMSO-d6) 5 8.29-8.32 (m. 2H), 7.70 (dd. J= 7.8, 1.5 Hz, IH), 7.46- 
7.60 (m. 4H), 7.25-7.32 (m. 3H) 4.89 (t. J=5.1 Hz, 2H). 4.24 (s, 2H). 3.89 (t, J = 4.9 Hz, 
2H),2.16(s.3H),1.93(8,3H) 
20 MS (CI) for CmHbH*03 ralz 415 (MH*), 306, 212. 1 12 
PaitB 

Using Ac general method of Example 14 Part B. the material from Part A was 
aminaled to provide 0.39 g of l-{2-t(3.5-dimethylisoxa2oI-4-yl)methoxylethyl}-l/f- 
imida2o[4.5-c]quinolin-4-amine as a white solid, m.p. 213-215*C. 
25 Analysis: Calculated for CHwNjCh: %C. 64.08; %H. 5.68; m 20.76; Foimd: %C, 
64.02; %H, 5.53; %N, 21.01. 
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'H-NMR (300 MHz, DMS0-d6) 5 8.12 (s. IH), 8.05 (dd. 7= 8.3, 1.0 Hz. IH), 7.61 (dd, J 
= 8.3. 1.0 Hz, IH), 7.43 (m. IH), 7.21 (m, IH), 6.52 (br s, 2H),.4.79 (t, J= 5.1 Hz, 2H). 
4.23 (s, 2H), 3.85 (t, /= 5.1 Hz, 2H), 2.20 (s, 3H), 1.97 {s, 3H) 
MS (CD for C1BH19N5O2 m/z 338 (MH*), 229, 112 

Example 17 

l-(2- {[3<Pyriinidm-2-yl>2-propynyl]oxy}ethyl)- 
l/^iImdazo[4,5-c]quinolill-4-amiIle tiifluoioacetate 
NH, 




10 Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-lH-imidazo[4,5- 

c]quinolm-4-amine (1.0 g, 3.7 mmol), tric%lamme (1.0 g, 9.7 mmol) and anhydrous 
N J^-dimeAylformamide (20 mL) were combined. The resulting solution was heated to 
65*C . Copper (I) iodide (0.07 g, 0.4 mmol), dichlorobis(triphenylphosphinc)palladium(II) 
(0.13 g, 0.2 mmol) and 2-bromopyrimidine (0.65 g. 4.1 mmol) were added and the 

15 reaction mixture was stilted at eS'^C overnight The N,N-dimethylformainide was 

removed under reduced pressure to provide crude product as a tar. This tar was purified 
first by column chromatography (silica gel elutmg with dichloromettiane) and then by 
semi-preparative HPLC iiaing MeAod A to provide 0.05 g of H2.{[3-(pyrhnidm-2.yI)-2- 
propynylloxy}e%l)-li/-iii^dazo[4,5-clquinolin-4-amme trifluoroacetate as a spongy 

20 white solid. m.p. 214-215*^:. 

Analysis: Calculated for C,^i6N60 - 1.5 C2HP3O2 • 0.3 H2O: %C. 50.67; %H, 3.51; %N, 
16.12; Found: %C, 50.67; %H, 3.11; %N, 16.14. 

^H-NMR (300 MHz; DMSCM1<) 5 (ppm) 9.169(s,lH), 8.646(s;2H), 8.497(s,lH), 
8.328(dJ=8.3Hz,lH), 7.773(d,J=6.9Hz,lH), 7703(U-6.7Hz,lH), 7.558(t,J=72Hz,lH). 
25 . 4.942(t,J=4,8Hz,2H), 4.447(s,2H). 4.073(U=4.9Hz,2H). 
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5 





s 



O 




Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-l/f-imidazo[4,5- 
c]quinolin-4-amine (0,5 g, 1.9 mmol), triethylamine (0.5 g, 4.9 mmol), copper (T) iodide 
10 (0.036 g, 0.2 mmol), 4-bromopyrid2ne (0.51 g, 2.6 mmol) and acetonitrile (20 mL) were 
combined and stirred at ambient temperature. 

Dicblorobis(tiipbenylphospliine)paIladimnOI) (0.066 g, 0.1 mmol) was added. The 
reaction mixture was heated at reflux overnight The acetonitrile was removed under 
reduced pressme. The residue was taken up in dichlorometfaane and methanol and then 
15 put dnough a basic alumina column. The fractions were combined and concentrated under 
reduced pressure. The residue was triturated with acetonitrile. The resulting solid was 
isolated by filtration and then purified by semi-preparative HPLC using Method A to 
provide 0.1 g of l-(2-{[3-(pyrid-4-yl>'2-propynyl]oxy}ethyl)-lH-imida2o[4,5-clquinoh^^ 
4-amine bis(trifluoroacetate) as a gray fhifiy solid, m.p. 135°C (dec.). 



20 Analysis: Calculated for C^nl^lsO • 2.0 C1HF3O2 • 0.5 HjO: %C, 49.66; %H, 3.47; %N. 
12.06; Found: %C, 49.59; %H. 3.51; %N, 12.22. 

'H-NMR (300 MHz; DMSO-d«) 5 (ppm) 9.063(bs;iH), 8.551(d,J=5.2Hz^, 
8.498(s,lH), 8.335(dJ=7.7Hz.lH), 7.795(dJ=6.9Hz.lH), 7.727(tJ«83H2,lH), 
7.564(t^8.3H2,lH), 7.139(dJ=5.7Hz^. 4.942(y=4.8Hz^H), 4.427(s^. 
25 4.056(tJ=4.8H2,2H). 
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Example 19 

l-(2-{(3-(FurO-yl)-2"propynyl]oxy}ediyl)-l/r-imida2o[4,5-^^ 

tiifluoroacetatc 




Under a nitrogen atmosphere, l-[2-{2-propynyloxy)ethyl]-l/f-imida2o[4,5- 
c]qmnolin-4-ainine (0.5 g, 1.9 mmol), triethylamine (0.5 g, 4.9 mmol), copper (I) iodide 
(0.036 g, 0.2 mmol), 3-biomofuran (0.38 g, 2.6 mmol) and anhydrous NJ^- 
dimethylfoxmamide (20 mL) ^ere combined and stirred at ambient temperature. 

10 DichloiDbis(tnphenylphosphine)palladiran(II) (0.066 g, 0.1 mmol) was added. The 

reaction mixture was heated at Z(X^ overnight. The reaction mfarture was allowed to cool 
to ambient temperature and then it was diluted with dichloromethanc. The resulting fine 
brown precipitate was removed by filtration. The filtrate was concentrated under reduced 
pressure. The residue was dissolved into a minimum amount of N,N-dimethylformamide 

15 and put through a silica gel column. The appropriate fractions were combined and 

concentrated under reduced pressure. The residue was purified by semi-preparative HPLC 
using Method A to provide 0.1 g of H2-{[3-(fur-3-yl)-2-propynyl]oxy}ethyl)-l/f- 
imidazo[4,5-c]quinolin-4-amine trifluoroacctate as a fluffy ivory solid, m.p. 160-162**C. 
Analysis: Calculated for C,9H|6N402 • C2HF3O2 • 0.25 HjO: %C. 55.94; %H. 3.91; %N, 

20 12,42; Found: %C. 55.57; %H. 3.43; %N, 12.45, 

^H-NMR (300 MHz; DMS0^l6) 5 (ppm) 8.859(bs,2H), 8.473(s.lH), 8.32(dJ=8.3Hz,lH), 
7.849(s.lH). 7.813(dJ=7.3Hz,lH), 7.714(tJ=8.5Hz,lH), 7.697(d,J=2Hz.lH), 
7.551(U=6.8Hz,lH), 6.409(dJ=1.9Hz,lH). 4.919(t,J=5.5Hz.2H), 4.337(9,2H). 
4.002(lJ=4.8H2^H). 

25 
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Example 20 

4-{3-[2-(4-Aimno-lf^imida2o[4,5-<lquiiiolm-l-yl)e&ox^ 
diiopfaen-2-ylcarboxaldehyde tzifluoroacetate 




O 



5 Using the general method of Example 20, l-[2-(2-propynyloxy)ethyl]-lH- 

imida2o[4,5-c]quinolin-4-ainine (0.5 g, 1.9 mmol) was reacted with 3-broino-2- 
diiophenecarboxaldelryde (0.5 g, 2.6 mmol) and the cmde' product purified by semi- 
preparative HPLC using Mediod A to provide 0.13 g of 4-{3-[2-(4-amino-l/f- 
imidazo[4,5H:]quinolin-l-yI)ethoxyhm>pyn-l-yl}-thiophOT^^ 

10 trifluoroacetate as a fluffy ivory solid, m.p. 195**C. 

Analysis: Calculated for C20H16N4O2S • C2HF3O2: %C, 53,88; %H. 3.49; %N, 11.42; 
Found: %C, 54.16; %H, 3^1; %N, 1 136. 

'H-NMR (300 MHz; DMSO-d*) 5 (ppm) 9.874(s,lH), 8.972(bs,2H), 8.483(s,lH), 
8322(dJ=7.9Hz,lH), 8.076(s.lH),7.771(dJ=8.3Hz,lH). 7.736(s.lH), 
15 7.71(U-8.4Hz,lH). 7.555(U=6.9Hz,lH). 4.928(U=53Hz^, 4.371(s^H), 
4.043(tJ=4.8Hz^. 
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Example 21 

l-(2-{[3-(Pyrid-2-yl)-2-piopynylloxy}cliiyl)-ljFr-i^ 

tiiflaoroacetate 




5 Using the general method of Example 19, l-[2-(2-pn)pynyloxy)ethyl]-l/f- 

imidazo[4,5-c]qumolin-4-amme (0.5 g, 1 .9 mmol) was reacted with 2-bromopyridine 
(0,51 g, 2.6 mmol) and the cnide product purified by semi-preparative HPLG using 
Method A to provide 0.1 g of l-(2-{[3-(pyrid-2-yl)-2-propynyl]oxy}ethyl)-l^- 
imidazo[4,5*c]qu]nolin-4-amine trifluoroacetate as a gray fluffy solid, m.p. 129-131*^. 

10 Analysis: Calculated for C2oHnN30 • 1,75 C2HF3O2 • 025 H2O: %C, 51.56; %H. 3.55; 
%N, 12.-80; Foun± %C. 51.80; %H, 3.20; %N, 13.11. 

*H-NMR (300 MHz; DMSO^) 5 (ppm) 9.013(bs,2H), 8.516(s.lH), 8.495(s,lH), 
8.331(dJ=8.2Hz,lH), 7.75(m,3H). 7.553(t,J=82Hz,lH), 7.375(dd,J=7.8;4.9Hz,lH), 
723(dJ=7.8H2,lH). 4.944(t,J=5.4Hz^H), 4.418(s^H), 4.059(t,J=4.8Hz;2H). 

15 

Examples 22 -26 

The compounds in the table below were prepared according to the synthetic 
method of Reaction Scheme I above using the following general metiiod. 

The 4-amino-l/f-iniidazo[4,5-c]quinolin-l-yl alcohol (25 mg) was placed in a 2 
20 dram (7.4 mL) vial. Sodium hydride (1 .2 eq of 60% in mineral oil) and N J^- 

dimethylformainide (1 mL) were added. The vial was placed on a sonicator for about 1 5 
to 30 minutes at ambient temperature to allow the alkoxide to form. The halide (1 2 eq) 
was added and the vial was placed back on the sonicator for about 15 to 120 minutes at 
ambient temperature. The reaction mixture was analyzed by LC/MS to confirm the 
25 fonnation of the desired product The reaction mixture was purified by semi-preparative 
HPLC. The semi-prep HPLC factions were analyzed by LC-APCI/MS and the 
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appropriate fractions were combined and lyophilized to provide the trifluoioacetate salt of 
the desired product,wbicb was confirmed by accurate mass and NMR spectroscopy. 
The table below shows die structure of the ftce base, die dieoretical mass (TM), and the 
measured mass (MM) or nominal mass (MM). 



Example 


Structure of die Free Base 


Purification 


Mass Measurement 






Method 


(Da,) 


22 




A 


TM = 326.1743 
MM = 326.1739 


23 




A 


TM = 392.1597 








MM= 392.1584 
















24 




A 


TM = 450.1281 
MM = 450.1285 


25 




A 


TM = 422.0968 
MM = 422.0966 
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Example 
# 


Structure of the Free Base 


Purification 
Method 


Mass Measurement 
(Da.) 


26 


NH2 

o::do 

II 
0 


A 


TM= 364 
NM[M+H1** = 365 



Example 27 

l-{2-Methyl-l-[(pyrid-2-yloxy)metfayl]propyl}4H-imida2o[4,5-c]qu^ 



trifluoroacetate 
NH, 




Using the general method of Examples 22 - 26 above, 2-{4«amino-lif- 
imidazo[4,5-c]quinolin-l-yl)-3-methylbutan-l-ol was reacted with 2- 
(trifluoromethylsulfonyloxy)pyridine and the crude product purified via semi-preparative 
HPLC using Method A to provide l-{2-methyl-l-[(pyrid.2-yloxy)methyl]propyl}-lH- 
imidazo[4,5-c]quinoline-4-amine as the trifluoroacetate salt TM = 347.1746, MM = 
347.1740 
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Example 28 

^'{l-I(pyri<i-2-yloxy)methyl]pTopyl}-lH-iinida2o[4,5-c]qumoUnc 




tiifluozoacetate 



5 



Using &e general mediod of Examples .22 - 26 above 2-(4-ammo-l/f-imidazo[4,5- 



c]quinolin-l-yI)-3-mctfaylbutan-l-oI was reacted with 2- 

(trifluonmietfay1sulfonyloxy)pyridine and tbe cmde product purified via semi-prepaiative 
HPLC.using Method B to provide l-{l-[^yrid-2-yloxy)metiiyl]pn>pyl}-l/f'»imidazo[4,5- 
c]quinoline^-amine as the tiifluoioacetate salt TNf - 333.1590, NfM ^ 333.1598 



A 1 mL portion of a solution prepared by dissolving 0.5 g of l-(4-amino-l/f- 
imidazo[4,5-c]quinolm-l-yl)propaih2-ol inNJN-dimethylfoimamide (20 mL) was added 
to a 2 dram (7.4 mL) glass vial containing 2-hydroxycaibazole (38 mg, 2 cq.). 
20 Triphenylphosphine (54 mg, 2 eq.) dissolved in NJ^-dimethylformamide (1 mL) was 
added to the vial. Theresultingslurry was sonicated to dissolve the phenol. Diethyl 



10 



Example 29 

l-[2-(9irH:arba2ol-3-yloxy)propyl]-lif-imida2o[4,5-c]quinolin-4-^^ 
trifluoroacetate 




NH. 
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mdocarboxylate (36 tag, 2 eq.) was added neat The leaction mixture was sonicated for 
about 30 minutes and then shaken overnight at ambient tempeiatuie. The solvent was 
removed and die residue was purified by semi-preparative HPLC using Method A. The 
compound was provided as the trifluoroacetate salt TM = 407, NM[M + H]** = 408. 

5 

Example 30 

l-{2-[(3-thien-2-ylprop-2-ynyl)oxy]ethyl}-l^r-imida2»[4,5-c]quinolin-4-an^ 




PartA 

10 Using the general mediod of Example 1 Part 2-(l/f-imidazo[4,5-c]quinolin- 1 - 

yl)ethyl (2-propynyl). ether was oxidized to provide 67.5 g of l-[2-(2-propynyloxy)ethyI]- 
li/-imidazo[4,5-c]quinoline-5N-oxide as a tan solid 
MS (CI) for CisHi4N302 m/z 268 (MH*), 252, 214. 
PartB 

15 A dried round bottom ilask was charged with a stir bar, 1 '[2-(2* 

propynyloxy)ethyl]-l/f-'imidazo[4,5-c]quinoline-5N-oxide (57.5 g, 215.1 mmol), 
anhydrous toluene (200 mL) and anhydrous dimethyl formamide (400 mL) under a 
nitrogen atmosphere. Pho^horus oxychloride (23 mL, 247.4 mmol) was added dropwise 
over 20 minutes to this mixture leading to a modest exodienn(~ 40 ^C). Theieaction 

20 was judged complete after 1 .25 hours at ambient temperature. The volatiles were removed 
under reduced pressure and the resulting sohd was partitioned between chloroform and 
10% aqueous sodium carbonate. The aqueous layer was extracted with chloroform; the 
organic fractions were combined, dried with anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The resulting brown solid was dried at 60 ^C, under 
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vacuum, for 4 hours to obtain 36.6 g of 4-chloro-l-[2-(piop-2-ynyloxy)efliyl]-lif- 
iniidazo[4,S-c]qumolme as a powder. 
MS (d) for C15H12CIN3O m/z 286 CMH*), 246, 204. 
PaitC 

5 A dried round bottom flask was charged with a stir bar, sodium hydride (8, 1 5 g, 

203.9 mmol) and anhydrous 2-methoxyle&yl ether (diglyme, 100 mL) while under a 
nitrogen atmosphere and at ambient temperature. Phenol (20.7 g, 2202 mmol) was added 
in several portions as a solid and the resulting solution stirred under a nitrogen atmosphere 
until gas evolution ceased. 4-chloTO-l-[2-(prop-2-ynyloxy)etiiyl]-l/f-imidazo[4,5- 
10 c]quinolinc (46.6 g, 163.1 mmol) was added neat and tfie solution was heated to 110 °C. 
After 15.5 hours, a prefonned solution of sodium phenoxide (phenol 5 g, 53.1 mmol and 
sodium hydride 1.91 g, 47.8 mmol) in diglyme (20 mL) was added to the reaction solution 
and heating was increased to 165 'C. The reaction was judged complete after 1 hour at 
1 65 'C. After cooling to.less than 70 **C, the volatiles were removed under reduced 
15 pressure and flie resulting brown soHd was partitiorwd between chloroform and saturated 
aqueous sodium carbonate. The aqueous fraction was extracted with chloroform; the 
combined organic fractions were dried with anhydrous magnesium sulfete. filtered and 
Aen concentrated under reduced pressure to provide a brown solid. The solid was 
recrystallized from acctonitrile with a small amount of dimethyl formamide to provide 25 
20 g of 4.phcnoxy-l42-^p-2-ynyloxy)etiiyl]4/f-inuda2o[4,5-^]quinoU^^ as a crystalline 

solid. 

MS (C3) for C21H17N3Q2 m/z 344 (MH*), 306, 288. 
PaitD 

Using the general method of Example 3 Fart A, 4-phenoxy-l-[2-(prop-2- 
25 ynyloxy)ethyl]-l/f-imida2o[4,5-c]qumoline (10 g, 29.4 mmol) was reacted with 2- 
iodothiophene (3.6 mL, 323 mmol). The glassy solid obtained from purification by 
chromatography over silica gel (98/2 dichloromethanc/methanol) was triturated witii ether 
to provide 53 gof 4-phenoxy-l-{2-[(3-thien-3-ylprop-2-ynyl)oxylethyl)-l/r-inu 
clquinoline as a gray powder. 
30 MS (CI) for C25H19N3O2S m/z 426 (MH*). 306. 288. 
PartE 
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4-Phenoxy-l-{2-[(3-tbienO-ylpiop-2-ynyl)oxy]clhyl}-l/r-imid^ 
{32 g, 7.52 mmol) and ammonium acetate (32 415 mmol) were melted together in a 
dried round bottom heated to 150 under a nitrogen atmosphere. After 2 his additional 
ammonium acetate (10 g, 129 mmol) was added. The reaction was judged complete after 

5 a total of 4 hours. The melted solids were cooled to ambient temperature and basified with 
IN aqueous potassium hydroxide to a pH of-13. The aqueous mixture was extracted with 
dichloromethane (3x); the combined organic fractions were washed with brine, dried over 
anhydrous magnesium sulfate, filtered and then concentrated under reduced pressure. The 
resultmg solid was purified by chromatography over silica gel (98/2 

10 dichlorometfaane/metbanol). then triturated with e^ to provide 0.812 g of l-{2-[(3-thien- 
2-ylpiop-2-ynyl)oxy]ethyl}-lH-inuda2o[44-c]quinolin-4-amm as a white powder, ntp. 
148-150 

Analysis. Calculated for C19H16N4OS: %C, 65.50; %H..4.63; %N. 16.08. Found: %C, 
65.42;%H,4.65;%N, 16.11 
15 *H NMR (300 MHz, DMSO) 5 8.16 (s, 1 H), 8.1 1 (d. J = 6.8 Hz, 1 H), 7.60 (m, 2 H), 7.43 
(t, J = 6.8 Hz. 1 H), 7.20-7.25 (m, 2 H), 7.04 (dd, J = 4.9. 3.9 Hz, 1 H), 6.58 (s. 2 H). 4.84 
(t. J = 5.4. 2 H), 4.41 (s, 2 H). 3.99 (t, J = 5.4, 2 H) 
MS (CI) for C19H16N4OS m/z 349 (MH*), 229, 185. 

20 Example 31 

l.{2-[(l-mcthyl-l/Wndol-2-yl)methoxy]ethyi}- 
l/r-imidazo[4,5-c]quinolin-4-amino 




Part A 
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Using the general mcihod of Example 30 Part D, 4-plienoxy-l-[2-(prop-2- 
ynyloxy)etfiyl]-lH-imidazo[4,5-c]qmnoline (3.16 g, 9^0 nunol) was reacted with 2-iodo- 
NJ4-4iniethylaniline (2.5 g, 10.1 mmol) to provide a 1.0 g of l-{2-[(l-mefliyl-l/f-n2dol- 
2-yl)mcthoxy]c&yl}-4-phenoxy-l/f-imida2o[4,5-c]quinoline as a pale yellow crystalline 
S solid. 

MS (CI) for CisHaiNiOi m/z 449 (MB!), 306, 186. 
PartB 

l-{2-[(l-Metliyl-l/r-indol-2-yl)methoxy]ethyl}-4-phenoxy-l/f-imid^ 
c]quinoline (0.78 g, 1 .74 mmol) was partially converted to the desired product by 

10 exposure to ammonia, (7% in methanol, 20 mL) for 52 hours at 160 in a bomb. The 
volatiles were removed under reduced pressure and the material was reacted with more 
ammonia (7% in methanol, 20 mL) for 80 hours at 160 X to completely consume the 
starting material. The soHd was removed by filtration and the filtmte was concentrated 
under reduced vacuum. Theresultingrnaterialwas purifiedbychroinatDgraphy over silica 

15 gel (9/1 dichloromethane/methanol). The resulting solid was recrystallized from dimethyl 
formamide to provide 0.121 g of l-{2-[(l -methyl- l/f-indol-2-yl)methoxy]ethyl}-l/f- 
imidazo(4,5-c]quinolin-4-amine as white, flat crystals, m.p, 243-245 ®C. 
Analysis. Calculated for C22H21N5O • (C3H70N)ojo: %C, 70.50; VoH. 5.81; %N, 18.75. 
Found: %C, 70.72; %H, 5.70; %N, 1836 

20 'H NMR (300 MHz, DMSO) 5 8.13 (s, 1 H), 8.05 (d, J = 8.3 Hz, 1 H). 7.60 (d, J = 9.3, 1 
H), 7.36-7.47 (m. 3 H), 7.10-7-20 (m. 2 H), 6.98 (t, J - 73 Hz, 1 10, 6.58 (te, 2 H), 636 
(s, 1 H), 4.82 (t, J = 4^, 2 H), 4.64 (s. 2 H), 3^2 (t, J = 4.9, 2 H), 3.52 (s, 3 H) 
MS (CI) for C22H21N5O m/z 372 (MH*). 229, 144, 
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Example 32 

1 -[2-(3-tbien-2-ylpropoxy)cthyl]-l/f-imidazo[4,5-ciqum 




PartA 

5 A dried roimd bottom flask was charged with a stir bar, 2-(l/f-imidazo[4,5- 

c]qumolin-l-yl)ethyl (2-propynyl) ether (1 1.78 g, 46.88 mmol), anhydrous trielhylamine 
(14 mL, 121.9 mmol), 2-iodothiopbene (5.7 mL, 51.57 mmol) and anhydrous dimediyl 
foraiamide(l 30 mL) under a nitrogen atmosphere and heated to 80 **C. After 5 minutes 
dichlorobis(triphcnylphosphine)palladium(II) (0.658 g, 0.937 mol) and copper(I) iodide 

10 (0357 g, 1.875 mmoQ were added neat to ttie solution. The reaction was judged complete 
after 50 minutes. The volatiles were removed under reduced pressure and the resulting 
solid partitioned between dichloromethane and 0.5N aqueous potassium hydroxide. The 
aqueous fraction was extracted wi& dichloromefliane (3x); the combined organic fractions 
were dried with anhydrous magnesium sulfate, filtered and concentrated under reduced 

1 5 pressure to provide a brown solid. The glassy solid obtained from purification by 

chromatography over silica gel (98/2 dichloromediane/raethanol) was triturated with ether 
to provide 9.5 g of l-{2-[(3-tiuen--2-ylprop-2-ynyl)oxy]ethyl}-li/-iniida2o(4,5-clquinoline 
as a tan sotid. 

MS (d) for C19H15N3OS m/z 334 (MiO, 290» 214. 
20 PaitB 

Using die general mediod of Example 3 PartB, l-{2-[(3-tfaien-2-ylprop-2- 
ynyl)oxy]cthyl}-l/r-raiidazo[4,5-c]quinoline (9.5 g, 28.49 mmol) was reduced with 
palladium on carbon (10%, 1 g) in methanol (25 mL) to provide 9.1 g of l-[2-(3-thien-2- 
ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quinoline as a brown oil. 
25 MS (CI) for C19H19N3OS m/z 338 (MH*), 214. 
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Parte 

Using the general method of Example 1 Part B, l-[2-(3-thien-2-ylpropoxy)ethyl]- 
lff-miidazo[4,5'c]quinolinc was oxidized to provide 4.4 g of l-[2-{3-thien-2- 
ylpropoxy)ethyl]-l/f-imidazo[4»5-^]qiiinoline-5N-oxide as an unpurified tan solid. 
5 MS (CI) for CwHwNjOiS mlz 354 338, 214. 

PartD 

Using the genetal me&od of Example 1 Part C, H2-(3-thien-2-ylpropoxy)efliyl]- 
lH-imidazo[4,5-c]quinoline-5N-oxide (4.4 g, 12.45 mmol) was reacted witfi 
trichloroacetyl isocyanate (1.8 mL, 14.9 mmol) to provide 2,2^-trichloro-iV-{l-[2-(3- 
10 thien-2-ylpropoxy)ethyl]-l/f-imida2o[4,5-clquinolin-4-yl}acetamide as an unpurified 
glassy solid. 
PartE 

A dried round bottom flask was charged widi a stir bar, 2,2,2-trichloro-^-{l-[2-(3- 
^en-2-ylpropoxy)etliyl}-l/r-imidazo[4,5-c]quinolin-4-yi}acetaim and sodium 

1 5 medioxide (25% in metiianol, 1 1 mL» 49.8 mmoQ at ainbient temperature. The reaction 
was judged complete after 30 hours. The volatiles were removed under reduced pressure. 
The resulting oil was purified with chromatography over silica gel (95/5 
dichloromethane/methanol), semi-preparative HPLC using method A, and recrystallization 
from ethyl acetate/hexane to provide 43 mg of l-[2-(3-tiuen-2-ylpropoxy)etfiyl]-lJ^- 

20 imida2o[4,5-c]quinolin-4-amhie as a white crystallmc solid. m.p. 130.1-13 1 .6 ""C. 
Analysis. Calculated for C19H20N4OS • (H20)ojo: %C, 63.77; %H. 5.80; %N, 15.66. 
Found: %C, 63.84; %H. 5.79; %N. 15.57 

'H NMR (300 MHz. DMSO) 8 8.16 (s. 1 H). 8.12 (d, J « 8.3 Hz, 1 H). 7.62 (d, J = 8.3 Hz, 
1 H), 7.43 (t, J = 73 Hz, I 7.20-726 (m. 2 H). 6.84 (dd. J = 4.9, 3.4 Hz, 1 H), 6.62 (d, 
25 J = 2.4 Hz, 1 H) 6.58 (s, 2 I^i 4.79 (t, J = 5.4 Hz, 2 H), 3.83 (t, J = 5.4 Hz, 2 H), 335 (t, J 
= 6.4,2 H), 2.64 (t, J « 7.8 Hz, 2 H), 1.69 (p. J = 6.8, 63 Hz, 2 15. 
MS (CI) for C19H20N4OS m/z 353 (MH^, 21 1, 185. 
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Example 33 

142-(3-Pyridin-3-ylpropoxy)ettiyll-lff-iniidazo(4,5-c]quinolin-4-ai^ 




^ Under a niliogen atmo^here, a solutioa of 2-«iiimobenzoic acid (100.0 g, 0.73 
mol) in acetic anhydride (400 ml, 4.2 mol) was heated to reflux for 2 horns. The reaction 
was cooled to room tempeiature and ttie solvent was removed in vacuo. Hie residue was 

10 dissolved in glacial acetic acid (500 ml) and NaNj (49.77 g. 0.77 mol) was added The 
mixture was stirred overnight at room temperature followed by concentratioa of the acetic 
acid in vacuo. The residue was dissolved in 10% NaOH (500 ml) sotatiott and heated to 
reflux for 3.5 hours. The reaction was coolid to room temperature and flien pouted over a 
mixture of ice water (2 L) and HQ (150 ml). A white solid predpitated and was collected 

15 by vacuum filliation. The solid was dried w vacuo to yield 130.5 g of 2K5-niethyl-lH-- 
tetrazol-l-yl)benzoic acid. 

'H NMR (300 MHz, DMSOd,) 5 8.12 (d, J = 7.2 Hz, IH), 7.91-7.78 (m. 2H), 7.72 (d. J = 
7.4Hz,lH),2.37(s,3H); 
MS (CI) m/e 205 ^^itf), 162 (M -N3). 
20 PartB 

Under a nitrogen atmosphere. 2-(5-me1hyHH-tetrazol-l-yl)henzoic acid (89.7 g. 
0.44 mol) was dissolved in acetone (1 L) and cesium carbonate (214.7 g. 0.66 mol) 
added with vigorous stilting. Ethyl iodide (70.3 ml. 0.88 mol) was added dropwise and the 
reaction was heated to reflux for 4 hours. The reaction was cooled to room temperature 

25 andfiltered. The acetone was removed fit vac«o to yidd a yeUow solid which was 

dissolved in dichlorome&ane (800 ml) and washed with saturated sodium bicaibonate 
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(200 ml). The organic fiactfon was dried (Na2S04), filtered, and concentrated to yield 
92.7 g of ethyl 2-(5-mcthyl-l/f-tetrazoH-yl)benzoate as a lig^t yellow solid. 

NMR (300 MHz, DMSO-dfi) 6 8.14 (d, J = 7.8 Hz. IH), 7.89 (in, 2H), 7.79 (d, J - 7.9 
Hz, IH). 4.08 (q. J = 7.4 Hz, 2H), 2.40 (s, 3H), 1.04 (t, J = 6.9 Hz, 3H); 
5 MS(CI)m/e233(MH*),159. 
Parte 

Under a nitrogen atmosphere, ethyl 2-(5-methyMif-tetrazol-l-yl)benzoate (92.7 g, 
0.34 mol) was dissolved in N,N-dimethylforaMmide (600ml) and the solution was chilled 
in an ice water badi. Potassium ethoxide (67.2 g, 0.80 mol) was added slowly to the 

10 sohition. After a few minutes, the ice water bath was removed and ttie reaction was stirred 
at room temperature for 3 hours. The reaction was treated wifli 1 00 ml of water and 
approximately 300-400 xol of solvent was removed in vacuo. The remainder of the 
reaction was poured over a solution of glacial acetic acid (125 ml) in ice water (2 L). A 
precipitate formed and the mixture was diluted widi additional water (3 L). The solid was 

15 collectedby vacuum filtration to yield 63.25 g of tetrazolo[l,5-a]quinolin-5H>l as a yellow 
solid. 

'H-NMR (300 MHz, DMSOd^) 8 8.54 (d, J = 8.4 Hz, IH). 8.27 (d, J « 8.1 Hz, IH). 7.99 
(t, J = 7.4 Hz, IH), 7.80 (t, J = 7.2 Hz, IH), 7.04 (s, IH); 
MS (CI) m/e 187 (MH*), 159. 
20 PartD 

Tetrazolo[l,5-<j]quinolin-5-ol (63.25 g, 0.34 mol) was added to glacial acetic acid 
(630 ml) to foim a thick off white suspension. The mixture was vigorously stirred while 
nitric acid (23.6 ml, 037 mol, 70% solution) was slowly added. The reaction was then 
heated firom 25 to 80 over a period of 15 minutes. A yellow precipitate fonned and the 
25 reaction was maintained at 80 for 5 minutes. The mixture was slowly cooled to 0 *^C. 
The solid was collected by filtration and then dried in vacuo to yield 60.0 g of 4-mtro- 
tetrazolo[l,5*^]quinol]n-5-ol as a yellow solid. 

'H-NMR (300 MHz, DMS0Hd6) 8 8.35 (d, J = 3.9 Hz, IH); 8.32 (d, J = 3.2 Hz, 11^, 7.90 
(t, J « 73 Hz, IH). 7.68 (t, J « 8.2 Hz, IH); 
30 MS (CI) m/e 232 (MEO, 204. 
PartE 

Under a nitrogen atmosphere, POCI3 (16.42 ml, 0.17 mol) was slowly added to a 
chined (0 '^Q flask containing N,N-dimetfaylfomiamide (100 ml). The resulting solution 
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was slowly wanned to room temperature and then added dropwise to a suspension of 4- 

iiitrchtetiazolo[l^^]quinolui-5-o] in N^-dimetfaylfonnamide (300 ml). The leaction was 

heated to 100 for 30 minutes. The orange/ied solution was quenched by pouring over 1 

liter of ice water. A yellow precipitate formed and was collected by filtration, redissolved 

in chloroform (approx. 750 ml), dried (NaiSOO, filtered, and concentrated in vacuo to 

yield 33.74 g of 5-chloro-4-nitrotetrazolo[l,5-a]quinoline as a yellow solid 

'H NMR (300 MHz, DMSO-d^) 6 8.78 (d, J = 8.2 Hz, IH); 8,57 (d, J = 8.3 Hz. IH). 8.29- 

8.22 (m, IH), 8.09-8.03 (m, IH); 

MS(CI)m/e250 (MH*). 

PaitF 

5-ChloiD-4-nitrotetrazolo[l,5-a]quinoline (28.86 g, 0.1 1 mol), dichlorometfaane 
(600 ml), and triettiylaminc (21.14 ml, 0.1 1 raol) were combined and the resulting 
solution was chilled to 0 "^C. 2-(3-Pyridin-3-ylpropoxy)ediylamine (22.9 g, 0.13 mol) was 
added dropwise. The reaction was allowed to slowly warm to room temperature, then 
stirred at room temperature for 1 hour and finally at reflux fof 2 hours. The reaction was 
cooled to room temperature and Aen quenched wifli water (200 ml). The phases were 
separated and the aqueous layer was extracted with dichloromedume (3 x 50ml). The 
combined organic fiactions were washed with brine (100 ml), dried (Na2S04), filtered and 
concentrated to yield a yellow solid. The solid was slurried in etfaanol (150 ml) and 
filtered to provide 343 g of 4-nitro-N.[2-(3-pyridin-3-ylpropoxy)ethyl]tetrazolo[l,5- 
a]quinolin-5-amine. 

'H NMR (300 MHz. DMSO-d*) 5 10.27 (bs, IH), 8.69 (d, J = 8.3 Hz, IH), 8.54 (d, J » 
8.3 Hz, IH), 8.37 (bs, 2H), 8.08 (t, J = 7.7 Hz, IH), 7.81 (t. J = 7.2 Hz, IH), 7.57 (d, J = 
7.3 Hz, IH), 7.27 (dd. J - 7.9, 5.0 Hz, IH), 3.92 (m, 2H), 3.71 (t, J = 5.4 Hz, 2H), 3.47 (t, 
J - 6.0 Hz, 2H), 2.62 (t, J = 7.4 Hz, 2H). 1 .82 (m, 2H); 
MS (O) m/e 394 (MH^, 366. 
Parte 

4-l^tro-N-{2-(3-pyridin-3-ylpropoxy)ethyl]tetrazolo[l ,5-fl]quinolm-5nam^ (34.3 
g, 872 mmol) was added to a 3 liter stainless steel pressure flask containing ethanol (1 .25 
L, absohite). Platinum on caibon (3.00 g, 5% w/w) was added and the flask was placed on 
a Pan hydrogenation apparatus. The reaction was shaken under 45 psi (3.15 Kg^cm^) of 
hydrogen for 24 houn. The catalyst was removed by filtration througjh Celite™ and flie 
Celite pad was washed with several portions of ethanol. The filtrate was concentrated in 
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vacuo to provide 30.8 g of N^-[2-(3i?yridm-3-ylpropoxy)ethyl]tetrazolo[l^-<i]quinol^ 

4,5-diammc as an orange/red oil MS (CI) m/e 364 (MH*), 336. 

PaitH 

Triethyl oitfiofonnate (21.1inl, 127imnol) was added to a solution of N^-[2-{3- 
5 pyridin-3-yIpropoxy)ethyl]tetrazolo[l ,5-<ilquinoline-4,5-diamine (30.8 g, 84.7 mmol) in 

l^-dichloioe1]iane (750 ml) and the reaction was heated to reflux for 3 bouts. The reaction 

was cooled to room temperature and diluted with saturated sodium bicarboiuite (200 ml). 

The phases were separated and the aqueous layer was extracted with dichloromethane (3 

x75ml). The combined organic fractions were washed wifii brine (200 ml), dried 
10 (Na2S04) and concentrated to provide an orange solid. The solid was triturated with 

diethyl ether and then filtered to yield 28.7 g of 6-[2-(3-pyridin-3-ylpropoxy)ethyl]-6i/- 

imidazo[4,5-c]tetrazolo[l,5-a]quinoline as a tan/orange solid. 

*H-NMR (300 MHz, CDQ3) 5 8.71 (dd, J = 8.1, 1.3 Hz. IH), 8.38 (dd, J = 4.8, 1.5 Hz, 

IH), 8.30 (d, J = 2.1 Hz, IH), 820 (d, J = 7.7 Hz, IH), 8.07 (s, IH). 7.73 (m, 2H), 7.32 (dt, 
15 J « 7.8, 1.9 Hz, IH), 7.13 (dd, J » 7.7, 4.8 Hz, IH), 4.81 (t, J = 5.1 Hz, 2H), 3.96 (t, J = 5.1 

Hz, 2H), 3.42 (t. J = 6,2 Hz, 2H), 2.52 (t J = 7.5 Hz. 2H), 1 .82-1 .74 (m. 2H); 

MS (CI) m/e 374 (MH*). 

Parti 

Triphenylphosphine (27.0g, 1 l5mmoI) was added to a solution of 6-[2-(3-pyTidin- 
20 3-ylpropoxy)ethyl]-6H-imidazo[4,5-c]tetrazolo[l ,5-a]quinoline (28.7 g, 76.9 mmol) in 
1,2-dichlorobenzene (1 L). The reaction was heated at reflux temperature overnight The 
dark red solution was cooled to room temperature and treated with IN HCl (225 ml). A 
tan precipitate formed. The resulting mixture was concentrated in vacuo to yield a dark 
red/brown solid. This material was treated with 500 ml water and vigorously stirred. 
25 Excess triphenyiphosphine and triphenylphosphine oxide formed as precipitates and were 
removed by vacuum fihratioiL The solid was washed witii several portions of water 
followed by a final wash with dilute HQ (1 :5, IN HQrwater). The redA)rown filtrate was 
collected, washed with ethex (3x1 50ml), and treated with 10% NaOH solution until the 
pH reached 12. The crude product formed as a tan precipitate and was coUected by 
30 filtration. Purification of the cmde material was accomplished by treatment (2X) with 
activated charcoal (Darco-G60) in refluxing methanoL The charcoal was removed by 
filtratioiL The desired product formed as a precipitate during concentration of flie filtrate. 
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The solid was collected by vacuum filtration washed vnih diethyl ether, and dried under 
vacuum to provide 17 g of l-[2-(3-pyridin-3-ylpropoxy)ethyl]-l/f-iinida2o[4,5-c]quinolin- 
4-amine as a tan solid, m.p. 125.0-128.0 X. 

NMR (300 MHz. DMSO-d«) 5 833 (d, J = 4.8 Hz. IH). 8.24 (s, IH). 8.18 (s, IH). 8.13 
5 (d, J = 7.7 Hz, IH), 7.63 (d. J = 8.4 Hz, IH), 7.45 (t, J = 6.8 Hz, IH), 7.33-7.21 (m, 2H), 
7.16 (dd, J = 7.7, 4.8 Hz, IH), 6.62 (s, 2H), 4.80 (t, J = 4.8 Hz, 2H), 3.82 (t. J = 4.9 Hz, 
2H), 3.30 (t, J = 6.3 Hz, 2H). 2.39 (t, J - 7.3 Hz, 2H), 1.64 (m, 2H); 
MS{CI)m/e348 (MH*); 

Anal calcd for C2oH2iN50*0.08 H2O: C, 68.89; H. 6.11; N, 20.09. Found: C, 68.49; H. 
10 5.95; N, 20.08. 

Example 34 

2-MefliyI-l"[2-(3-pyridin-3-ylpropoxy)ethyl]-l^-imidazo[4,5-c]quinoI^ 



Under an atmosphere of nitrogen, N^-[2-(3-pyridin-3- 
ylpropoxy)ethyl]tetrazolo[l,5-a]quinoline-4,5-diamine (0.70 g, 1.92 mmol) was dissolved 

20 in 1,2-dichloTOcthanc (15 ml). TrieOiyl orlhoacetatc (0.53 ml, 2.88 mmol) was added via 
syringe and the reaction was heated to reflux for 3 hours. Analysis by thin layer 
chromatography (95/5 chloroform/methanol) showed complete consumption of the 
diamine. The reaction was quenched by the addition of water (15 ml). The phases were 
separated and tiie aqueous fraction was extracted with dicUoromethane (3 x 10 ml). The 

25 combined organic fractions were washed with brine (15 ml), dried (Na2S04)» filtered and 
concentrated in vacuo to yield 0.73 g of 5-methyl-6-[2-(3-pyridin-3-ylpropoxy)efliyl]-6if- 



15 




Part A 
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iimda2o[4,5-c]tetrazolo[l,5-a]qumoline as a red oil. This material was used wiftout 
further purification. 
MS(CI)in/e388(M + H). 
PartB 

5 Under an atmosphere of nitrogen, 5-methyl-6-[2-(3-pyridin-3-ylpTopoxy)etiiyl]. 

6/3r-imidazo[4,5-c]tetrazolo[l^-fl]quinoline (0.73 g, 1.89 mmol) and triphenylphosphine 
(0.64 g, 2.84 mmol) were dissolved in 1,2-Klichlorobenzene (15 ml). The reaction was 
heated at reflux for 1 8 hours. After coolmg to ambient temperature^ the solvent was 
removed in vacuo. The resultmg residue was treated witfi IN HO/watcr (30 ml) and 
10 vigorous stirring produced an off white suspension. The solid was removed by filtration 
leaving a yellow filtrate. The filtrate was treated widi 10 % sodium hydroxide/water until 
pH 1 1 was reached The filtrate was extracted with dichloromethane (3 x 25 ml). The 
combined organic fractions were washed with brine (25 ml), dried (NaiSO^, filtered and 
concentrated in vacuo to yield an orange ofl. The oil was dissolved in a minimum amount 
* 15 ofdicWorometbaneand diluted with cAer to produce a precipitale. The solid was 
rccrystallized fiom n-propyl acetate to yield 0.16 g of 2-methyl-l-[2-(3-pyrid5n-3- 
ylpropoxy)ethyll-lif-imida2o[4,5H:]quinoline-4-aniine as a tan solid, m.p. 145.0-146.0. 
»H NMR (300 MHz, CDQa) 5 8.40 (d, J = 4.9 Hz, IH), 8.34 (d, J = 2.0 Hz. IH), 7.93 (d, J 
= 7.4 Hz, IH), 7.84 (d, J = 8.4 Hz, IH), 7.52 (t, J = 7.2 Hz, IH), 7.31 (t, J - 6,6 Hz. IH), 
20 7.22 (d, J = 7.8 Hz, IH), 7.09 (dd, J = 4.8, 7.8 Hz, IH), 5.46 (bs, 2H). 4.67 (t, J = 5.3 Hz, 
2H), 3.90 (t, J = 5.3 Hz, 2H), 3.34 (t, J = 6.2 Hz. 2H). 2.70 (s, 3H), 2.52 (t, J = 8.0 Hz, 
2H),l-76(m,2H); 
MS(CI)m/e362(M + H); 

Anal calcd for C21H23N5O: C, 69.78; H, 6.41 ; N, 19.38. Found: C, 69.40; H, 6.38; N, 
25 19.00. 
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Example 35 

2-Biityl-l-(2-(3i)yridm-3-ylpropoxy)ediyl]-lH-iiiiida2o[^ 




5 

PaitA 

Under an atmosphere of nitrogen, N^-[2-{3-pyridm-3- 
ylpropoxy)ethyl]tetra2olo[l,5-a]quinoliae-4,5-diaminc (2.48 g, 6.82 mmol) was dissolved 

10 in toluene (40 ml), Trimethyl oithovalerate (1 .29 ml, 7.51 namol) was added via syringe. 
A catalytic amount of pyridine hydrochloride was added to the reaction and the flask was 
fitted with a Dean-Stark trap. The reaction was heated to reflux and the volatiles were 
coUected in the trap. After 4 hours, the reaction was cooled to room temperature and 
quenched by the addition of water (30 ml). The phases were separated and the aqueous 

15 phase was extracted with ethyl acetate (3x15 ml). The combined organic fractions were 
washed with brine (25 ml), dried (NaiS04), filtered and concentrated in vacuo to provide a 
red/brown oil. The material was purified by flash column chromatography (silica gel, 2/1 
to 95/5 ethyl acetate/hexane gradient) to yield 1.98 g of 2-butyl-6-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-6H-imidazo[4,5-c]tetrazolo[l»5-a]quinoline as an orange oil. 

20 'HNMR(300 MHz, DMS0-d6) 5 8.53 (d. J = 82 Hz. 1 H), 8.41 (d, J = 7.9 Hz. 1 H). 8.37 
(d. J = 5.0 Hz. 1 H), 831 (d. J » 1.9 Hz, 1 H), 7.84 (d. J = 7.2 Hz, 1 H), 7.75 (t, J = 7.5 Hz. 
1 H), 7.48 (d, J - 7.9 Hz, 1 H), 7.23 (dd, J = 7.8, 4.9 Hz, 1 H), 3,63 (t, J = 5.0 Hz, 2 H), 
3.56 (t, J = 4.9 Hz, 2 H), 3.36 (t. J =- 6.3 Hz, 2 H), 2.51 (m, 2H), 2.12 (t, J = 7.7 Hz, 2 H). 
1.73 (pentct, J - 7.4 Hz. 2 H), 1.45 (pentet. J = 7.7 Hz, 2 H), 1.12 (m, 2 H), 0.68 (t, J = 7.4 

25 Hz,3H); 

MS(CI)m/e430(M + H). 
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PartB 

2-ButyW-[2<3-pyridm-3-ylpropoxy)ethyI]-6/f-imidazo[4,5nc]te1^ 
a]qumoliiie (1.98 g, 4.61 mmol) was treated following the general procedure described in 
Example 35. Reciystallization from isopropyl alcohol gave 1 .09 g of 2-butyl.l-[2-(3. 
5 pyridin-3-ylpropoxy)cAyl]-l^.imidazo[4,5-c]quinoline-4.amine as a beige solid. 

NMR (300 MHz. DMSO^) 5 833 (d. J = 4.3 Hz. 1 H). 8.24 (s. 1 H), 8.08 (d, J = 8.7 
Hz. 1 H), 7.61 (d. J = 8.0 Hz, 1 H), 7.41 (t. J = 7.7 Hz, 1 H). 7.30 - 7.20 (m, 2 H). 7.1 5 
(dd. J= 7.4. 4.8 Hz. 1 H). 6.44 (bs, 2 H), 4.74 (t. J = 5.4 Hz, 2 H). 3.82 (t. J = 5.3 Hz. 2 H), 
3.27 (t. J » 5.9 Hz. 2 H), 2.97 (t. J = 7.4 Hz, 2 H), 2.41 (t, J - 7.5 Hz. 2 H). 1 .84 (pcntet. J 
10 =7.4 HZ.2H), 1.64 (pentet,J-7.2Hz,2H),1.46(m.2H). 0.95 (t.J-7.3Hz.3H); 
MS{CI)in/e404(M + H); 

Anal calcd for C24H29NSO: C, 71.44; H, 724; N, 1736. Found- C, 7123; H. 6.98; N. 
17.05. 

15 ■ • 

Example 36 

2-(2-MeAo3tyethyl>H2K3-pyridin-3-ylpropoxy)c1^ 
inudazo[4.5-c]qutnolin-4-amine 



20 




Part A 

Under a nitrogen atmosphere, N5-{2-(3^yridin-3-ylpTopoxy)ethyl]tctraazolo[l,5- 
a]quinoline-4,5-diamine (2,48 g, 6.82 mmoO, 1,2-dichloroethane (30 ml), and 
triethylaminc (1.14 ml, 8.2 mmol) were combined and the resulting solution was chilled in 
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an ice water baHi. 3-mctbo3(ypropionyl chloride (0.92 g, 7.5 mmol) was added dropwise 
to the solution. The cooling bath was removed and the reaction was stirred for an 
additional 1 8 hours. The solution was quenched by the addition of water (30 ml). The 
phases were separated and the aqueous phase was extracted with dichloromethane (2 x 15 
5 ml). The combined organic fractions were washed with brine (20 ml), dried (NaiSO^), 
filtered and concentrated to yield 3.16 g of an orange syrup. LXDMS analysis of the crude 
product showed a mixture of mono- and di-acylated product The material was used 
wi&out furrier purification. 
PaitB 

10 Under a nitrogen atmosphere, the product fi:om part A (3.16 g), toluene (40 ml), 

and pyridine hydrochloride (50 mg, 0.4 mmol) were combined and the resulting mixture 
was heated at reflux temperature for 4 hours. The volatiles were collected in a Dean-Stark 
trap. The reaction was cooled to ambient temperature and then diluted with water (30 ml). 
The phases were separated and the aqueous phase was extracted with dichloromethane (3 

15 X 20 ml). The combined organic extracts were washed with brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield an orange foam, llie material was purified by column 
chromatography (silica gel, 99: 1 CHa3:MeOH gradient to 9:1) and (hen rocrystallized 
from 2-propanol to yield 0.35 g of 5-^-methoxyethyl)-6-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-6i/-imidazo[4,5-c]tetraazolo[l ,5-a]quinoline as a beige solid. 

20 Parte 

5-(2-mcthoxyethyl)-6-[2-(3-pyridin-3-ylpropoxy)cthyl]-6H-imidazo[4,5- 
c]tetraazolo[l,5-a]quinoline (0.35 g, 0.80 mmol) was treated with triphenylphosphine 
(0.28 g, 1.20 mmol) using the general procedure described in Part B of example 35, The 
crude product was crystallized firom ether to yield 90 mg of 2-(2-methoxyethyl)-l-[2-(3- 
25 pyridin-3-ylpnjpoxy)cthyl]-l^-imida2o[4,5-clquinolin-4-anm as ofF-white crystals. 
*H NMR (300 MHz, CDCI3) 5 8.39 (dd^ J = 4.8, 1.5 Hz, 1 H), 8.33 (d, J = 1.8 Hz, 1 H), 
7.94 (d. J - 7.4 Hz, 1 H), 7.83 (d, J » 8.3 Hz, 1 H), 7.52-7.47 (m, 1 H), 732-7.21 (m, 2 H), 
7.09 (dd, J = 7.0, 4.8 Hz. 1 H), 5.59 (bs, 2 H), 4.74 (t. J - 5.4 Hz, 2 H), 3.90 (t. J - 6.6 Hz, 
2 H). 3.87 (t. J = 5.4 Hz, 2 H), 3.38 (s, 3 H), 3.33 (t, J = 6. 1 Hz, 2 H), 3^8 (t. J » 6.6 Hz, 2 

30 H), 2.51 (t, J = 7.4 Hz, 2 H), 1.81-1.71 (m, 2 H); 

"C NMR (75 MHz, CDQs) 5 152.4, 151.6, 150.2, 147.8, 145.2, 137.1, 136.2, 133.7, 
127.7, 127.4. 123.6, 122.5, 120.0, 115.9, 712, 70.6, 69.6, 59.4, 46.1, 31.1, 29.6, 28.7; 
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MS(CI) m/e 406^42 calcd for (406.2243 C23H28N5Q2,M+H). 

Example 37 

5 2-methyl-l-[2-(3-pyridin-3-ylpropoxy)e%l]-6J,8^tet^ 

c]quiiiolin-4-ainine 




10 

Part A 

A 200 mL round bottom flask was chai;ged witb 3-nitro-5,6,7,8- 
tetrahydroqumolme-2,4-diol (10 g, 0.048 mol.) and phosphorous oxychloride (100 mL> 
1 .07 mol., 22 equivalents). The reaction mixture was heated to 80^ and mamtained, with 

15 stirring for six hours. Thereactionwasquenchedby slowly adding the reaction mixture to 
water (1 500 mL). The reaction mixture was extracted with dichlorometfaane (4 x 100 
mL). The dichloromethane fractions were combined, dried over magnesium sul&te and 
concentrated to provide 2,4-dichloio-3-nitro-5,6,7,8-tetrahydroquinoline as a tan solid 
(10.6 g. 91%). m.p. 63-64«C,TLC (10%McOH/CH2CL2, RfH).84). 

20 PartB 

A 200 ml round bottom flask was charged witii 2,4-dichloro-3-nitro-5,6,7,8- 
tetrahydroquinoline (10 g, 0.04 mol), triediylamine (6.1g, 0.06 mol, 1 .5 equivalents) and 
anhydrous N|>l-dimetiiylformamide (100 mL). To this solution was added 2-(3-pyridin-3- 
y1propaxy)etiumamine (7.3 g, 0.04 moQ. The reaction mixture was heated to 55*^C and 
25 maintained overnight with stirring. The reaction was quenched by pouring into water 
(1000 mL). The reaction mixture was tiien extracted with a 1:1 solution of hexane/ethyl 
acetate (4 x 200 mL). The organics weie combined, washed witii brine (300 mL) and 
concentrated to provide 2-chloro-3-nitn>-//-[2-(3-pyridin-3-ylpropoxy)ethyl]-5,6,7,8- 
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tetrahydroqumoIm-4-aznme as an orange synip (14.8 g, 94%). TLC (10% 

MeOH/CH2CL2, Rf=0.84). 

Parte 

A 200 mL round bottom flask was charged with 60% sodium hydride (2.5 g, 0.06 

5 mol, 1.7 equivalents) and washed with hexane (50 mL). A solution of phenol (5.7 g, 0.06 
mol, 1 .6 equivalents) in diglyme (25 mL) was then slowly added to the sodium hydride. 
The reaction was maintained with sthring at room temperature for 1 .5 hours. To the 
phenol anion solution was slowly added a solution of 2-cliloro-3-mtro-iV-[2-(3-pyridin-3- 
ylpropoxy)cthyl]-5,6,7,8-tetrahydroquinolin-4-amme (14.8 g, 0.04 mol) in diglyme (25 

10 mL). The stirred reaction mixture was heated to 60^ and maintained overnight The 

reaction was quenched by pouring onto ice (1000 mL). The product oiled out of solution. 
The mixture was extracted with dichloromethane (4 xl 00 mL). The combined extracts 
were concentrated to dryness. The residue was taken up in 1:1 hcxane/ethyl acetate (250 
mL) and washed with water (2 x 50 mL). The organic layer was concentrated to dryness. 

15 The residue was found to contain excess phenol. The phenol was removed by taking the 
residue up in die&yl ether (500 mL) and stirring over 10% sodium hydroxide (250 mL) 
overnight The layers were separated. The ether layer was concentrated to provide 3- 
nitro-2-phenoxy-^'-[2-(3-pyridin-3-ylpropoxy)ethyl]-5,6,7.8-tetrahydr^ 
as a pale orange syrup (12.0 g, 71%). TLC=(10% MeOH/CH2C12. R^.58). 

20 PartD 

A 500 mL Parr bottle was charged with a solution of 3-nitro-2-phcnoxy-^-[2-(3- 
pyridin-3-ylpropoxy)ettiyl]-5,6,7,8-tctrahydroquinolin-4-amine in toluene (150 mL) and 
5% Pt/C catalyst (1 .1 g), placed on Parr apparatus and charged with hydrogen (-54 psi, 3.8 
Kg/cm^). The reaction was allowed to shake for 4 hours, at which time Ae reaction was 

25 monitored by HPLC. The reaction was not complete. An additional 1 .0 g 5% Pt/C 
catalyst was added to tiie Pan botde» it was recharged witii hydrogen and shaken 
ovcmi^ The reaction was then conq>lete. The mixture was filtered through Celite and 
washed wifli toluene (500 mL). The filtrate was concentrated to provide 2-phenoxy-A^-[2- 
(3i)yridm-3-ylpropoxy)ctiiyl].5,6 J,8-tetrahydroquinoline-3,4^^ as a yellow syrup 

30 (82 & 74%). TLC (10% MeOH/C3nC12, Rf=0.48). Mass-spec M+l=419.2 
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PaitE 

A 200 ml round bottom flask was charged with 2-phcnoxy-7V*-[2-(3-pyridiii-3- 
ylpropoxy)ethyl]-5,6 J,8-tetrahydroquinoliiie-3,4-diamme (4.1 g, 0.0098 moL) and 
pyridine (40 mL) at room temperature. To this solution was slowly added acetyl chloride 

5 (0.8 g, 0.01 1 mol., 1 . 1 equivalents). The reaction was maintained with stiiring at room 
temperature. After two hours the reaction was monitored and found to only contain the 
amide intemiediate. The reaction mixture was then heated to leflux and maintained 
overnight Thereacdonmixture was concentrated to provide a dark amber syrup. The 
syrup was taken up in ethyl acetate (300 mL) and washed wi& water (2 X 100 mL). Hie 

10 . ethyl acetate layer was concentcated to provide 2-methyl-4-phenoxy-l -[2-(3-pyridin-3- 
ylpropoxy)ethyll-6,7,8,9-tetndiydro-li7-imidazo[4,5-c]quinoline as an orange syrup (3.8 
g, 88%). TLC (10%MeOH/CH2CI2, RN)34). Mass-spec M+l«443.2 
PartF 

A 200 ml round bottom flask was charged with 2-methyl-4-phenoxy-l-[2-(3- 

15 pyridmO-ylpropoxy)ethyl]-67,8,9-tctrahydro*l/r-imidazo[4,5-c]quinoline (3.7 g, 0.0084 
mol.) and ammonium acetate (37 g, 0.48 mol, 57 equivalents) and then heated to ISO^C. 
Within 20 minutes the reaction mixture was homogeneous. Ihe reaction mixture was 
maintained with stirring at 1 50^ overnight The reaction was monitored after 24 hours 
and found to be incomplete. The reaction mixture was maintained over the weekend. The 

20 reactionrnixture was cooled and then taken up in IN HQ (250 mL) and washed with 
diethyl ether (200 mL). The aqueous layer was then adjusted to pHl 1 with sodium 
hydroxide and extracted with dichloromethane (3 x 100 mL). The combined organics 
were concentrated to provide an orange syrup. The syrup was purified by colunm 
chromatography (10% MeOH/CH2C12). The appropriate fractions were combined and 

25 concentrated to provide a pale orange symp. Thesyrup was found to be a mixture of the 
desired product and N-acetylated product The mixture was treated with refluxmg IN HCl 
fori hour. The mixture was cooled, adjusted to pH 11 and then extracted with 
dichloromethaixe. The organics were concentrated to dryness. The residue was purified by 
column chromatography to provide 2-methyI-l-[2-(3*'pyridin-3-ylpropoxy)ethyl]-6,7,8,9- 

30 tetrahydro-l//^imidazo[4,5-c]quinolin-4-amine as a pale gold solid (0.07 g, 2%). TLC 
(10%MeOH/CH2C12M=O.05). m.p. 140-141«C. 
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CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro hiunan blood cell system is used to assess cytokine induction. Activity 
is based on the measurement of interferon and tumor necrosis factor (a) (IFN and TNF, 
5 respectively) secreted into culture media as described by Testerman et al. In "Cytokine 
Induction by the Immunomodulators Imiquimod and 8-27609", Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
Blood Cell Preparation for Culture 

Whole blood fiom heallliy human donors is collected by venipuncture into EDTA 
10 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated fiom whole 
blood by density gradient centrifi^tioa using Histopaque®-1077. ThePBMCsare 
washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10* 
cells/mL in RPMI complete. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincoln Park, 
1 5 N J) containing an equal volume of RPMI complete media containing test compound. 
Compound Preparation 

The compounds are solubilized in dimelhyl sulfoxide (DMSG). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells 
20 tocubation 

The solution of test compoimd is added at 60 jiM to the first well containing RPMI 
complete and serial 3 fold dilutions arc made in the weUs. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
desired range (0.12 to 30 >iM). The final concentration of PBMC suspension is 1.5-2 X 
25 10^ celWmL, The plates are covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 3T*C m a 5% caibon dioxide atmosphere, 
geparat^pq 

Following incubation plates are centrifoged for 5-10 minutes at 1000 ipm 
('-200 X g) at 4*C. The cell-free cuhuie supernatant is removed with a sterile 
30 polypropylene pipet and transferred to sterile polypropylene tubes. Samples are 

maintained at -30 to -70**C until analysis. The samples are analyzed for interferon (a) and 
for tumor necrosis &ctor (a) by ELISA. 
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Interferon fa> and Tumor Necrosis Factor (d\ Analysis bv ELISA 

Interferon (a) concentration b determined by ELISA using a Human Multi*Species 
kit from PBL Biomedical Laboratories, New Brmiswick, NJ. Results are expressed in 
pgtoL. 

5 Tumor necrosis factor (a) (TNF)concentration is detemuned using ELISA kits 

available from Genzyme, Cambridge, MA; R&D Systems, Minneapolis, MN; or 
Pbaimingen, San Diego, CA. Results are expressed in pg/mL. 

The table below lists the lowest concentration found to induce interferon and &e 
10 lowest concentration found to induce tumor necrosis fdctar for each compound. A 
indicates that no induction was seen at any of the tested concentrations; generally the 
highest tested concentration was 10 or 30 |iM. 



Cytokine Induction m Human C^lls 


Example 


Lowest Effective Concentration (pM) 


Number 


Interferon 


Tumor Necrosis Factor 


I 


0.12 


3.33 


2 


0.37 


10 


3 


0.04 


« 


4 


3.33 




5 


0.04 


0.37 


6 


0.12 


1.11 


7 


0.37 


m 


8 


0.04 


0.12 


9 


0.12 


3J3 


10 


1.11 


1.11 


11 


1.11 


0.04 


12 


Ml 




13 


0.37 


1.11 


14 


0.12 


0.37 


15 


1.11 


3.33 
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Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (|iM) 


Number 


Intexfexon 


Tumor Necrosis Factor 


16 


3.33 


10 


17 


0J7 


0.37 


18 


0.37 


10 


19 


0.12 


3.33 


20 


0.12 


3,33 


21 


1.11 


10 


22 


1.11 


10 


23 


1.11 


« 


24 






25 


10 




; 26 


1.11 




27 


1.11 




29 


1.11 




30 


0.37 


3.33 


31 


3.33 


3.33 


32 


0.01 


1,11 


33 


0.04 


0,12 


34 


0.01 


0.04 


35 


O.OI 


0.12 
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WHAT IS CLAIMED IS: 



1. 



A compound of &e foxmula (I): 




NH2 



X-O-Ri 



wherein: X is -CHRs-, -CHRralkyK or -CHRs-alkenyls 



-bcteroaiyl; 
-heterocyclyl; 
-Rif-lieteroaiyi; and 
•Rr^ieterocyclyl; 
R2 is selected from the group consisting of: 
-faydiogen; 
-alkyl; 
-aOcenyl; 
-aiyl; 

'hetexoaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyU 
-allQrl-Y-alkenyl; 
-aDqrl-Y-aryU and 

- aDcyl or alkenyl sabstitated by one or more substituents selected 
from the group consistmg o£ 



Ri is selected from thp group consisting of: 



-OH; 
-halogen; 
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-CO-N(R3)2; 
-CO-Ci-ioalkyl; 
-CO-OCmo alkyU 
-N3; 
-aryl; 

-heteioaryl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-heteioaiyl; 

R4 is aDcyl or alkenyl, which may be intenupted by one or more -O- 
groups; 

each R3 is indq)cndently H or Cmo alkyl; 
1 5 each Y is independently -O- or -S(0)o-2-; 

n is 0 to 4; and 

each R present is independently selected from the group consisting of Ci.io 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phaimaceutically acceptable salt thereof. 

20 

2. A compound or salt of claim 1 wherein Ri is -(CHi)o.r-bctieroaiyl. 



5 



10 



3. A compound or salt of claim 2 wherein the hetcroaryl is selected from the group 
consisting of 2-pyridyl, 3-pyridyl. 4-pyridyU 2-tfuflzolyl, 2-pyrimidinyl, A-pyrimidinyl. 4- 

25 triazolyl. 2-bcnzofuiaiiyI, 2-indolyl, 3-carbazolyl, 2-furanyl, 4-isoquinolinyl, 4-isoxazolyl. 
and4-pyrazolyl 

4. A compound or salt of claim 1 wherein X is -CH(aIkyl)(alkyl)- wherein the alkyl 
groups can be the same or different 

30 

5. A compound or salt of claim I wherein X is -CHt-CHj- 
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6. A compound or salt of claim 1 herein X is -CH(C2H5)(CH2>-. 

7. A compound or salt of claim 1 wherein R2 is H. 

5 8. A compound or salt of claim 1 wherein R2 is alkyl. 

9. A compound or salt of claim I wherein R2 is -alkyl-0-«lkyl. 

10. A compound of die fonnula (U) 

10 



I 11 7-R2 
I 

X-O— (CH2)Mff— C=C— Rio 
(H) 

wherein: X is -CHR3-, -CHR3-alkyl-, or-CHRj-alkcnyls 
1 ^ Rio is selected from the group consisting of heteroaiyl and heterocyclyl; 

R2 is selected fiom the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 

20 -aiyl; 

-heteroaiyl; 

-heterocyclyl; 

-allq^l-Y-alkyl; 

-allqrI-Y-alkeiorl; 
25 -alkyl-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected 

from the group consisting o£ 
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-OH; 
-halogen; 

-N(R3)2; 
-CO-N(R3)2; 

5 -CO-Ci-io alkyl; 

-CCM>Ci.ioaIkyl; 

-N3; 

-aiyl; 

-heteroaxyl; 

10 -heterocyclyl; 

-CO-aayl; and 
-CO-lietetoai^ 

nis0to4; 

each R3 is independently H or C|.io alkyl; 
15 each Y is indcpendendy-O- or -^(0)0-2-; and 

each R present is independently selected from &e group consisting of C].io 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoiomefhyl; 
or a phaimaceutically acceptable salt thereof. 

20 11. A compound or salt of claim 1 0 wherein R)o is selected from &e group consisting 
of heteroaryl and substituted heteroaiyl. 

12. A compound of claim 1 1 wherein the heteroaiyl is selected from the group 
consisting of 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thiazolyl, 4-pyrazolyl, 3-furanyl, 2-thienyl, 

25 and 2-pyrimidinyI. 

13. A compound or salt of claim 10 wheiem X is -CH(alk3dXalky]>-, wherein the 
allcyl groups can be the same or different 

30 14. A compound or salt of claim 10 wherein X is -CHirCHr-. 

15. A compound or salt of claim 1 0 wherein X is -ClUCitlsXCHi)-. 
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5 



16. A compound or salt of claim 10 wherein R2 is H, aOcyU or alkyl-O-alkyl. 

17. A compound selected firom the group consisting of: 



l-{2-{[3-(isoquinolin-4-yl)-2-propynyl]oxy}cthyl)-l^r-inndazo[^^ 
ammej 

l-<2-{(3-(l,3-flriazol-2-yl)-2-propynylloxy)e%l>lH-midazol4,5-clqui^ 
amine; 

10 l-{2-[3<l/f-4-pyrazolyl)pn3poxy]ethyl}-l/r-imidazo[4,5-c]quino^ 

l-[2-{3-pyrimidin-2-ylpropoxy)ethyl]-lH-imidazo[4,5-^]quinolin-4-am^ 

l-[2-{3-pyridin-4-ylpropoxy)etixyl]-li7-inudazo[4,5-^]quinolin^^ 

1 -[2-<3-pyridii^2-ylpropoxy)ethyl]-IH-inudazo[4,5-clquinolin-4-amM 

l-{2-(3-(13-&ia2»l-2-yl)piopoxy]cthyl}-l/r-imidazo[4,5-^^^ 

15 1 42-(3-pyridm-3-ylpropoxy)ethyl]-l/f'inudazo[4,5-c]quinoli^ 

l-[2-{3-pyrinudin-5-ylpropoxy)efliyl]-Ii^imidazo[4,5-c]quinolin-4-an^ 

l-{2-[(l-benzyl-l/f-lA3-triazol-4-yl)mcthoxy]c1hyl}-li/-i^ 

c]qumoline-4-amine; 

l-{2-[(l-bcn2yl-l/f-l^,3-tria2ol-5-yl)methoxy]ethyl}-li/-imida^^ 
20 c]qumoline-4-aminc; 

l-[2K{l-[(phenylsulfanyl)mcthyl]-l/f-lA3-triazol-4-y^ 
imidazo[4»5-c]quinoline-4-amine; 

1 -[2-{ { l-[(phenylsul£anyl)mcthyl]-li?'-l ;i3-triazol-5-yl}methoxy)ethyl]-l/r- 

imidazo[4,5-c]quinoline-4-aniine; 
25 l-[2-(bcn2»[b]furjm-2-ylmethoxy)ethyl]-l/f-inu 

l-[2-(pyridin-3-ylmethoxy)c%l]-l//-imidazo[4,5w:]quinolm-4-amine; 

l-[2-(pyridin-2-ylmethoxy)etfayl]4if-imida2o[4^-c]quinolin-4-ami^^^ 

H2-(pyridin-4-ylmethoxy)e%ll-lH-iimdazo[4^-c]quinolm^ 

l-{2^P.5-dimcthylisoxazol-4-yl)mcttiOxyle%l}-lH-imida2o[^ 
30 amine; 

l-(2-{[3-(pyrinridin-2-yl>2-pn)pynyl]oxy}c%l)-lH-imidazol^ 

amine; 
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K2-{[3-(pyrid-4-yl>2-propynyl]oxy}cthyl)-lif-inudazo[4,5^^ 
H2-{[3-(fbr-3-yl)-2-propynyl]oxy}ethyl)4i/-iinidazo[4,5-c]qii^ 
4-{3-[2K4-aiiuno-l//-iimdazo[4,5-clqumolin-lryl)e 
thiophen-2-ylcarboxaldehyde; 
5 1 -(2- { [3 -{pyrid-2-yl)-2-propynyl]oxy } ethyl)- lH-iinidazo[4,5-c]quiBolin-4-amine; 

l-{2-methyl-l-[{pyrid-2-yloxy)methyllpropyl}-lH-iiiuda2o[4,5-c]qu 

amine; 

1 - { 1 -[(pyrid-2-yloxy)methyl]propyl} -lH-inudazo[4,5-c]quinolinc-4-animc; 
l-[2K9H-K;arbazol-3-yloxy)propyll-l/r-imida2o[4,5-c]quinolm-^ 
10 1- (2-[(3-tfrien-2-ylprop-2-ynyl)oxy]ethyl}-l/f-muda2»[^^^ 

l-{2-[(l-me%l4H-mdol-2-yl)methoxy]e1iiyl}-l/^im^ 
amine; 

1- [2-(3-tMcii-2'ylpropoxy)ethyl]-l//'nnidazo[4,5-c]qumolin-^ 

2- methyl-l-[2-(3-pyridm-3-ylpropoxy)c%i]-l^/-imidazo[4,5-c]qum 
15 2-butyl-i-[2-<3-pyridm-3-yIpropoxy)ethyl]-l^-imida^ 

l-[2-(teti^ydro£uian-2-ylmethoxy)propyl]-l/f-imida20 

l-{2-[(5<Uciro-l-bcn2othicn-3-yl)mcthoxy]piopyl}-lH-im 

amine; 

1- {2-[(3-nitropyridin-2-yl)oxy]propyl}-lH-imidazo[4,5-c]qu^ 

20 1 -(2-methyl- 1 - {[{3-m'tropyridin-2-yl)oxy]mefliyI}pn)pyl>l/f-imidazo[4,5- 

c]quinolin-4-amine; 

l^l-{[(5-chloro-l-ben20thien-3-yI)methoxy]methyl}-2-methylpix^ 
imida2o[4,5-c]qumolin-4-amme; 

2- <2-methoxyctfiyl>I-[2-(3-pyridm-3-ylpn)poxy)ethyI]-li^'-m 

25 c]quinolin-4-anune; and 

2-metbyI-l-[2-(3-pyridin-3-yIpropoxy)ethylKJ,8,9-tet^^ 
c]qainolin-4-amine; 



or a pbaxmaceutically acceptable salt Ihereol 



30 
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1 8. A compound of the fonnula (HI) 




wherein: X is -CHRa-, -CHRa-alkyl-, or-CHRs-alkeiiyl-; 
R] is selected firom fbc group consisting o£ 
-heteroazyl; 
-hetcrocyclyl; 

... - • i 

-R4- heteroaryl; and 
-R4-heterocyclyl; 
Rj is selected from the group consisting of: 
-hydrogen; 
-aHqfl; 
-alkenyU 
-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aryi; and 

-alkyl or aDcenyl substitutedby one ormoie substituents selected 
from the group consisting o£ 

-OH; 

-Mogen; 

-N(R,)i: 

■C0-N(R,)2; 
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10 



15 



-CO-Ci-ioalkyl; 

-COO-Ci-ioalkyl; 

-N3; 

•aiyl; 

-heteroaiyl; 
-hetcrocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 



R4 is aQcyl or alkenyi, which imay be intenupted by one or more -O- 
groups; 

each R3 is independently H 01 Ci.io aD^l; 
each Y is indcpendcnfly-0-or-S(0)o-2S 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmq 
alkyi, Ci-io alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phaimaceutically acceptable salt thereof. 

A compound or salt of claim 18 wherein Ri is H or all^l. 

A compound or salt of claim 18 herein R2 is *«]kyl-0-aIkyl. 



X is -CHR3-, -CHRj-alkyK or-CHRj-alkenyl-; 

Rio is selected &om the group consisting of heteroaiyl and heterocyclyl; 



21. A compound of the formula (IV): 

NH2 





(Ciyno— C=CRio 



25 
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Ri is selected from fbt group consisting of: 
-hydrogeiu 
-alkyU 
-alkenyl; 
-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-aHcyl; 
-alkyl-Y- alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or moie substxtuents selected 
fiom ^ group consisting of: 

-OH; 

-balogen; 

-N(R3)2; 

-CO.N(R3)2; 

-CO-Ci.]o alkyl; 

-CO-0-C|,ioalkyU 

-N3; 

-aiyl; 

-heteioaiyl; 

-hcterocyclyl; 

-CO-aryl; and 

-CO-hetcroaryl; 
each R3 is independently H or Cmo alkyl; 
each Y is mdepcndendy -O- or -S(0)o.2-; 
n is 0 to 4; and 

each R present is independently selected fiom die group consistmg of Ci.io 
alkyU C|.io alkoxy, hydroxy, halogen and trifluorometfayl; 
or a pharmaceutically acceptable salt diereofl 
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22. A phannaceudcal composition comprismg a therapeutically effective amount of a 
compound or salt of claim 1 and a pharmaceuticaUy acceptable carrier. 

23 . A pharmaceutical composition comprising a therapeutically effective amount of a 
5 compound or salt of claim 10 and a phannaceutically acceptable carrier. 

24. A pharmaceutical composition comprising a therapeutically elective amount of a 
compound or salt of claim 17 and a phannaceutically acceptable carrier. 

10 25. A method ofinducing cytokine biosynthesis in an animal comprising administering 
a therapeutically effective amount of a compound or salt of claim 1 to the animal. 

26. The method of claim 25 wherein the cytoldne is IFN-o. 

15 27. A method of inducing cytokine biosynthesis in an animal conqnising administering 
a therapeutically effective amount of a compound or salt of claim 10 to the animal. 

28. The method of claim 27 wherein the cytokine is IFN-a. 

20 29. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a conq>o\md or salt of claim 1 to the animal. 

30. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to the animal. 

25 

31. A method of treatihg a viral disease in an animal comprising administermg a 
therapeutically effective amount of a confound or salt of claim 10 to the animal. 

32. A method of treating a neoplastic disease in an animal comprising administering a 
30 therapeutically effective amount of a conq)Ound or salt of claim 10 to the anhnaL 
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33. A method of inducing cytokine biosynthesis in an animal comprising administering 
a theiaputically effective amount of a compound or salt of claim 17 to &e animal 

34. The method of claim 33 wherein the cytokine is IFN-ot. 

35. A method of treating a viral disease in an animal comprising administering a 
fterapeutically effective amount of a compound or salt of claim 17 to the animal. 

36. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 17 to the animal. 

37. A compound of the formula (V): 




(V) 

wherein: X is -CHRa-, -CHRs-alkyK or -CHRa-alkenyl-; 
Ri is selected firom the group consisting of: 
-hetcroaryl; 
-heterocyclyl; 
-R4- hetcroaryl; 
-R4-lieterocyclyl; and 
-(CHOi-io-OC-Rio; 
Ra IS selected &om the group consisting o£ 
-hydrogen; 
-aUgd; 
-alkenyi; 
-aiyl; 
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-heteroaiyl; 
-heterocyclyl; 
-aD^l-Y-alkyl; 
-alkyl-Y-alkeoyl; 
5 -alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consistiiig of: 

-OH; 

-halogen; 

10 -N(R3)2; 

-C0.N(R3)i; 
-CO-C|.ioaIkyl; 
-CO-O-Ci-io aUcyl; 

-N3; • _ / ^ , 

15 ' -aiyl; 

-hetcroaiyl; 
-heterocyclyl; 
-COaxyl;and 
-CO-heteroaiyU 

20 

R4 is alkyl or alkenyl, which may be intenupted by one or moze -O- 
groups; 

each Rj is independently H or C\.\o BJkyl; 
Rio is heteioaryl or heterocyclyl; 
25 each Y is independently -O- or -S(0)o.2S 

Iii80to4;aiid 

each R present is independency selected from group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifhiorometfayl; 
or a pharmaceuticaUy acceptable salt thereof. 

30 
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5 wherein: X is -CHR3-, -CHRa-alkyl-, or ^HRs-alkenyl-; 

Ri is selected from the group consisdng of: 

-heteroaiyl; 

-hetetocyclyl; 

-R4^ heteroaiyl; 
10 -Rr-heteiocyclyl; and 

-(CH2)i.i<rOC.R,o; 
R2 is selected from fte group consisting of: 

-hydrogen; 

-aDcyl; 

15 -alkenyl; 

-heteibaiyl; 
-heteiocyclyl; 
-alkyl-Y-al^ 
20 -alkyl-Y- alkenyl; 

-alkyl-Y-aiyl; and 

- alkyi or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
-OH; 

25 -halogen; 
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-CO-N(R3)2; 

-CO-Cmo alkyl; 

-CO-O-Ci-ioalkyl; 

-N3; 

5 -aryl; 

-heteroaiyl; 
-hctcrocyclyl; 
-CO-aiyl; and 
•CO-heteroaiyl; 

10 R4 is alkyl or alkenyl, whicb my be interniptBd by one or more -O- 

groups; 

eacb Ra is independently H or Cmo aDcyl; 
Rio is heteroaiyl or heterocycljl; 
each Y is independently -Or or -iS(p)<w-; 
15 n is 0 to 4; and 

eacb R present is independently selected horn the group consisting of C^o 
alkyU Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof 

20 39. A con^und of the formula (Vm): 

N— (COOR7)2 



1. L y-^' 



(vni) 

wherein: X is -CHR3-, -CHRj-alkyl-, or -CHRa-aDcenyl-; 
25 Ri is selected from die group consisting of: 

-heteroaiyl; 
-heterocyclyl; 
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-R4- heteroaiyl; and 
-R4-heterocyclyl; 
is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteioaryl; 
-heterocyclyl; 
-alkyl-Y-allcyl; 
-alkyl-Y- alkenyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents elected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Cmo alkyl; 

-CO-O-Cno aDcyl; 

-N3; 

-aiyl; 

-heteroaxyl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-hcteroaryl; 

R4 is alkyl or alkenyl. which may be intemipted by one or more -O- 
groups; 

each R3 is independently H or C|-w a^kyt 
each Y is independently -O- or -S(0>«-; 
n is 0 to 4; 
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each R present is independently selected from the group consisting of Cmo 

aQcyU Cmo alkoxy, hydroxy, halogen and trifluoromethyl; and 

R7 is teft-butyl or benzyl; 

or a phannaceuticalfy acceptable salt hereof. 



40. A compound of ttie fomnila (DQ 




OX) : 

10 ' 

wherein: X is -CHR3-. -CHRa-alkyK or -CHRj-alkcnyl-; 
Ri is selected from the group consisting of: 
-heteroaiyl; 
-heterocyclyl; 
1 5 -Rr- hetBToaiyl; and 

-RHwteiocyclyl; 
R2 is selected from the group consistmg of: 
-hydrogen; 
-altji; 

20 -aDcenyl; • 

-aiyi; 

-beteroaiyl; 
-heterocyclyl; 
•^flcyl-Y-alkyl; 
25 -alkyl-Y-alkenyl; 

-a]]^l-Y-aiyl; and 
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- alkyi or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

5 -N(R3)2; 

-CO-N(R3)2; 
-CO-Cmo alkyl; 
-CO-O-Ci.ioalkyl; 
-N3; 

10 -aiyl; 

-hcteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CXD-hetcroaiyl; . 

15 R4 is alkyl or alkenyl, winch may be inteuupted by one or more -O- 

gcoups; 

each Rs is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

20 each R present is independently selected firom the group consisting of C wio 

alkyl, Ci-io alkoxy, hydroxy, halogen and tiifluorometfayl; 
or a phaimaceutically accqitable salt thereof. 

41. A phannaceutical con^)Osition comprising a therapeutically effective amount of a 
25 compound or salt of claim 18 and a phaxmaceutically acceptable carrier. 

42. A method of inducing cytokine biosynthesis in an animal comprising administering 
a tilierapeutically effective amount of a compound or salt of claim 18 to the animal. 

30 43. The me&odofclaim 42 wherein to cytokine is IFN-CL 
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44. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 8 to the animal 



45. A method of treating a neoplastic disease in an animal comprising administering a 
5 therapeutically effective amount of a compound or salt of claim IS to the ammaL 

46. A phannaccutical composition con^irising a therapeutically effective amount of a 
compound or salt of claim 21 and a phannaceutically acceptable carrier. 

10 47. A method of uiducing cytokine biosynthesis in an animal con^sing administering 
a therapeutically effective amount of a compound or salt of claim 21 to the animal. 

48. The method of claim 47 wherein the cytokine is IFN-ol. 

15 49. A method of treating a vkal disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 21 to the animaL 



20 



50. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 21 to tiio animaL 

51. A compound of die formula (Vn): 




(vn) 

wherebr ZisNHaorNCb; 
25 X is -<:HR3-, -CHR3-aIkyK or -CHRj-alkcnyl-; 

Ri is selected fiom the group consisting o£ 
'heteroaiyl; 
-heteiocyclyl; 
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-R4- heteroaryl; and 

-lU-heteTocycIyl; 
R4 is alkyl or alkenyl, which may be inteirupted by one or more - 
groups; 

each R3 is independently H or Cuio aDcyl; 
n is 0 to 4; and 

each R present is independently selected firom the group consisting of Ci.io 
alkyl, Ci.jo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceutically acceptable salt thereof. 

52. A compom^ of die formula (XliV): 




(XLIV) 

1 5 wherein: X is -CHR3-, -CHRa-alkyl-, or -CHRa-alkeiqrl-; 

Ri is selected from the group consisting of: 

-heteroazyl; 

-heterocyclyl; 

-R4- heteroaiyl; and 
20 y -R4-heterocyclyl; 

Ri is sel^ted from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 
25 -aiyl; 

-heteroaryl; 

-heterocyclyl; 

-alkyl-Y-aDcyl; 
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-aDqrl-Y-aDDBn^; 
-all^l-Y-aiyl; and 

- aDcyl or alkenyl substituted by one or more substitaents selected 
from the group consisting of: 
5 -OH; 

-halogen; 

-N(R3)2; 

.CO.N(R3)2; 

-COCmo alkyl; 
10 -CCKKlLioalkyl; 

-N3; 

-aiyl; 

-heteioaiyl; 
-hcterocyclyl; 

15 ' -CO-aiyl;aQd 

-COhcteroaiyl; 

R4 is alkyl or alkenyl, which may be intenupted by one or more ~0- 
groups; 

each R3 is tndependenfly H or Cmo all^l; 
20 each Y is independently -O- or -S(0)(w-; 

n is 0 to 4; and 

each R present is independently selected from the group consisting of Ci.io 
alkyl, Ci.io alkoxy, hydroxy, halogen and triHuorametiiyl; 
or a phanhaiceuticaDy acceptable salt &ereo£ 

25 
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